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THE    .ilFFi^CT   OF  OlTIil   SALT 

nrZ  TIYDRA.TI1JG   POWER   OF   AIIOTTIEI^    SALT 
PRE3KIIT   IH  THE   SAiJE   30LTTTI0N. 

Elplit  ye^rs  a^o  Jones  njid  Ota,-^   aiid  Jones  aiid  Knifht" 
observed  that   certain  salts    In  concentrated   solution,   rlvc 
abnorn-.lly  rrcat   lo'-Terinf-  of  the   froc2inp:-point   of  water. 
The  problec  v:as  tpJcen  up  expcrixaen tally  by  Jones  and   Ghnm- 
bers*"    and   studied   for  a  number   of  chlorides  crnd  bromides.    As 
a  result   of  this  ^rork  Jones     concluded  that    "In  concoit rated 
solut  Lond   liese   'Chlorides  and  bromides  must   take  up  pe.rt   of 
t^ie  water,    forming  complex  conpoxmls  'rlth   it,    and  tlius  re- 
raovini"   it    from  the   field  of  action  as   f;;.r  as   freesiiir-tioint 
lo^ferii;:::   ij   concerned.      The   com-cound,   vfhich   is  proDcbly   very 
unstable,    formed  by  the  union  of  a  molecule   of  the  chloride 
or  ■Hrom-.de  v:ith  a  large  number   of  molecules   of  i/ater,    acts 
a,a  a  unit  or  as  one  molecule   in  lo'-rerinr  the  free^intT-POi"'^ 
of  the   reraainin^j  water.      The   totrl   amount   of  water  present, 
vrhich   is  now  pctiiv'  «-s   solvent,    is  lirainishod  by  the   ^'laount 
tpJcen  up  Dy  the  chloride  or  bromide  moleciales.      The   lowering 
of  the   free3tn*-:-point    ts  thus  abnormally  p-reat,   bedause  a 
P^rt   of  the  water   is   no   lonf'er  preserit   as   sol /cut,    but    is 


1.  ^\i(ier~^    Ohera.    Jour)u,    P.'iy    5    (lb{>). 

•2.  Ibid.,    !2*J,    110    (18Cf). 

r;.  Ibid.,  'P.o,  8r  (icoo). 

4.  Ibid.,    'A?>,    103    (lf-00). 
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In   'tomi-ilnation  v;lth  the  "ihloride  or  hroinldo  molecules." 

A  large  amount  of  ^^ork  on  this  problem  has  since  been 
carried  on  in  this  laboratory  and  nlnetei^n  papers'have  al- 
ready been  uubltahed  by  oones  r,nd  hia  ooworker3  in  this  la'i- 
oratory  on  the  oomb In?; t Ion  of  solvent  and  dissolved  substance. 
We  shall  not  attempt  to  review  the  vfork  already  done,  but 
shall  merely  state  briefly  the  lines  of  evidence  develo-ned 
for  the  hydrate  concept Icn,  and  the7> proceed  to  the  consider- 
ation of  our  particular  "ohaso  of  the  problem. 

Five  distinct  lines  of  evidence  bearliv:  u-non  tlo  hy- 
drate theory  have  been  pointed  out:  First,  the  r.lnlna  In  the 
boilli"ie:-polnt  curves  manifest  themselves  "t  rreater  concen- 
trrtions  than  in  the  free^lnr-point  onrves.   "This  Ls  JmhI 

1.  Jones  ajid  Jhainbers:  Amer.  c'hem .  Journ.  ,  PJ*-,    io'r  QfOO^ . 
Chanaers  rnd  Frazer:  Ibid.,  215,  512  (1900). 
Jones  and  Getmruv.  Ibid.,  27,  43?^  flf02K 

•'    "     "   :  Ztschr.  -ohys.  chem. ,  4ti,  244  (iro^);  Phys 
?ev.,  18,  14(;  (iro4). 

Jones  ajid  Getnan:  Amer.  Chem.  Journ.,  31,  303  (1004). 

:  Ztschr.  T)hys.  chem. ,  41',  rss  Qr04) . 
"   :  .^er.  d.  chem.  Gcg.,  37,  1511  (ir04). 
:  Amer.  Chem.  Journ.,  32,  308  (1P04). 
:  Ih'-d.  ,  32,  338  (ir04)  . 
Jones  and  jJassett:  Amer.,  Chem.  Jouru.  ,  33,  534  <l[Ob). 

"   "    "   .  "     .1    "    3/j^^  or)o  riror>); 

J.  chlm.  Phys.,  3,  4.'55  (lt'05). 

Joned  and  Bassctt:  Z.    vY.ya.    cl.c.~.  ,  52,  :'.31  (1(05). 
"  "     "      "     55,  :'^5  (iPOO). 
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Amer.    Jhem.    Journ.,    35,    If'G    (irOG). 
"  "  "  35,   -ViS    (nor,). 
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vrhat  would  be  cxT)octed  in  termt3  of  our  hydrf/to  theory,  since, 
at  the  hifher  tei-nperaturo,  the  hydrates  would  be  loss  atable 
ami  a  £;reater  concentration  vould  have  to  be  reached  before 
there  would  be  sufficient  hydration  to  ohaut:e  the  direction 
of  the  curve  and  produce  a  riininuLi.  " 

Second;  the  relation  oetweeiwater  of  crystallization 
and  lowerinp  of  freeziivr-pointt  HydratiiV':  pov.-er  is  a  funct- 
ion of  water  of  crystallisation —  the  larger  the  nunber  of 
noleculeo  of  ^rrter  of  crystallization  the  (greater,  in  gener- 
al, Is  the  hydratin^':  power  of  the  salt.   The  vrc.ter  of  cryst- 
allization me^'  be  taken  as  rou£r-hly  proportional  to  the  hj'-- 
drating  power  of  the  substajice. 

Third;  the  complexity  of  the  hydrates,  n-s  :7ell  as  the 
number  of  laolecules  of  water  of  crystallization  varies  with 
the  ter.T>er9ture'^ 

Fourth;  certain  color  chsJU'es'  -rhich  tai:e  Dlace  in 
solution,  e..'.  the  chan^ce  in  color  of  a  solutio-.i  cf  cobr.it 
chloride  x^ron  a  typical  purplish  rod  to  a  beautiful  blue 
when  treated  wLth  a  oinall  nrxuiit  of  3one  other  salt  with 
large  bydrat  Lng  t)ower,  such  as  ca.lciun  chloride  or  alucin- 
ii.un  chloride.   This  effect  cf  water  of  hydration  upon  the 

1.  Aner.  Jhen.  Journ.  ,  ;u,  r-'.-OirOd) ;  Ztschr.  phys.  chcn.  , 
4{',  3b5  (1C04);  Ai.aer.  Chera.  Jour)i.  ,  ^,3,  TOB  (iro-t);  33,  534 
(If Of));  J.  chim.  ?hys.,  3,  455  (1:05). 

2.  -'Vir.er.  Chen.  Journ.,  3^1:,  PS7.    (iror>). 

3.  "     "      "    ,  34.  L!l  J  (1105). 
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vibr<itlon  of  tho  dissolved  TJarticlea   is   show;  hy  tho   apeo- 

t,rorraii3  or  varioua  olnr.r:/  i/'.ixturoa  of  an.ltd. 

Fifth;    the   tonperatnre   ooeffloionta   of  ooiidnct  Lv  Ity'-" 

of  aqueous   bolutiona  of  eleotrolytos  arc   r;reater,    the  rreat- 

er  the  hydrp-tliig  nowor  of  tho  electrolyte.    The  tenpcrature 

i 
coefftooiits  of  conductivity  of  aiusoua   aclutloiio  of  electro- 

lytea  are  of  the  same  order  of  ncuTnitude   for  those   solut- 
ions having,   approximately,   the   sat-e  hydratlivr  povrer.    The 
temperature   coefficients   of  conductivity  for   ciny  fiven  sub- 
stance  increase  with  tho   dilution  of  the   solution,   ard   this 
inoree.se   is  p:reate3t   for  those   substeuicea  i-rith  lar,";e  hy- 
dratiiig  poorer,    just   as  ^fould  bo   expected   from   the  hydrate 
theory. 

AssiXTilng,    then,    the   existence   of  liydrates   to  be   suf- 
ficiently well  established  by  the  vork  referred  to   above, 
it   S'-Sined  desirable  to  atterapt  to  dcterninc,    if  Tjosslble, 
the   effect  of  one  salt  'Tith  hydratiiv:;  power  u-oon  the  h;'dra.te 
forned   by  a  seco;id   cn.lt   in  the   cane   oOlutLou.    Also   the   ef- 
fect Tipon  the  h^'^drates   formed  oy  a  salt,   'vhen  there    is  pres- 
ent  in  the   same  solution  a  second   salt   -Tith  very   snail  hy- 
irati);^  no^Ter.      ''^'hen  both   salts  "ooosess   the   DOwer   of  fominf 

1.  A:,ier.    c'hem.    Journ.  ,    r.        ri'.j?);    ;jjnoc^raT)h  rSO,    Jarnerie 
Inst. 

2.  .^Juer.    Chem.    Journ.,    r-R ,   445    (1C06). 
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hydrates   in  aiivle   Ljolution,    the   ^unouiita  of    'ater   tn-ken  up 
by  the  salts  ?.t  tlie  saiae  oonoentrat Ions  ma;/-  be   the  same, or 
VP..Ty  ulthin    wL>ie   ILnita.   We  yro-tioaed   to   utudy   uiiiary  nlx- 
tures   in  MJiloh  both  oonclit.loiis  are    tlluat rated. 

Since  vfe  desired  to  oa.loulate  the  approximate  oompo- 
sltton  of  the  hydrates  fornod  in  the  nixtxires,   as  nearly  as 
possible,    it  was  necessary  to  obt^.'in  lata  for   the   free"^'"'"- 
points,    conduct iv It iea,    and  nuraber   of  f^rain^  of   solvent    in 
a  litre  of  solution  of  the  various  salts  employed.      In  or- 
der  that     we  ;.ii,=:ht   have   the   data  for   the   exact   i^.oraalitios 
of  the   solutions  ^rhioh  we  nixed,    It    seemed  advisable   to 
meike   the  necessary  measurements   in  the   3in^?;le   solutions, 
rather   thaai  to  attempt   to   "Lnterr)olate   from  data  previously 

obtained. 

COimUGTIVITY  GALCTTLATI0IT3 . 

It  is  well  known  that  ^^hen  two  or  more  electrolytes 
are  loresent  In  the  sarflo  30lution,  the  conductivity  of  this 
solution  13  )iot  e'lual  to  the  s'om  of  the  conductivities 
which  these  electrolytes  have  in  separate  30lut io?i3  of  the 
srme  normality  as  that  which  these  aalts  mr.y  be  assumed  to 
have  in  the  mixture;  -.'ut  tl;at  the  coivluctiv  i.ty  of  the  mix- 
ture is  generally  less  thaji  this  sum.   If  the  solutions  are 
isohydric,  that  is, the  compojient  solutions  pobsess  a  comj-ion 

1.  Arrheniu^:  Wica.  /uui.  ,  oO,  51  ^I'^nl)  ;    :ctsci:r.  rh-ys*  cITem.  , 

2,  p.a;  fiaao). 
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p 
Ion  in  aqual  concentration,  then  the  airipleat  conditions 
Tirevriil  betw'een  the  conduct  I /it  is  a  of  the  slnrlc  oolutio);s 
find  that  cf  the  nixturc.   This  Intter  condition  exists  when 

go,  =  a^ 
in   v;hioh  00,  in   the  lioaoclntion  of   one  of  the  electrolytes 
at  the  dilution  v,  ,  and  (jOj^is  the  dieuoolation  of  the  other 
electrolyte  r.t  the  dilution  V^.   Such  solutions  c.in  be  luix- 
«.u  :.i.   .>aiy  proportion  -.rithout  r.lteriiv  their  dlssocia-tlo  , 
and  hence  the  conductivity  of  the  mixture  is  the  mean  of  the 
conductivities  of  the  component  solutions,  and  can,  there- 
fore, be  calculated  accordinf;;  to  the  follov/ine  forr.ula: 


^ 


in  •thich  k^  aiid  k^arc  the   conductivities,   and  P  aiad  p'the 
proDortions  of  the  coHiponent   solutions. 

Unfortunately,   we  ha.ve   to  deal  v/lth  no   such   s  in-nle 
relations  aa  this   In  the  mixtures  with  ^^hlch  ^'Q  worked.    If 
ooth  electrolytes  have   a  coirmio)!    Lon  end.  eocli   is  a  weak  p1- 

ectrolyte,    then  they   m'ouI  I  od-  y    Lxie   leyr  of  it.pss  '".ctlo'i. 

■>  ■•;> 

Wplceiripji"^   and  _arrnwater  '  have   approached   this  case   fron  the 

standpoint  of  isohylrlsn. 

rv 

V,'olf     has    Ln/esl  L.;ated   the   conductivity  of  nixturos 


1.  ::tsohr.    nhys.    Cher..,    15,    15^    (18^4). 

2.  "  "  "     ,  45,  5r>7  (iror^). 
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of  fitl'ite   solutions  of   stroivT  electrolytes,    ^/ith   solutions 

4 
of  wenk   electrolytes.      3ol:rr.cier     hf.s  cn.lcnln.tod   the  cle^:ree 

of  .'llssoclatioii  of   each   electrolyte,    fror  oonaidern.tlons 
of  the  transTiort  na'nbers  of  the    Ions,   the  que.ntltiec  of  the 
raiions  rnd  the  cations  TC±rT Pttntj;  to  their  respective   -noles, 
the    qurLntities  cf   each  separn-tod  at   the   electrodes,    etc. 
IIoffrr.eictcr '  and  IIopfcc?.rtner^  Jiave   dealt  with   the   concon- 
trr.tlons  of  the   crtions   in  r   mixture   of  two   electrolytes. 
Tloyes  cJid  KcTV      indicate   ^  r.ethod   of  ascertaLning  tl.e    lis- 
30ciatlon  cf  the   3a?.t3  in  a  nixed  solution,   -Thich  they  ap- 
ply to  the   solutions  'vith  which   they  had   to  deal.      Barn- 
n-ater's     equations   tr.y.c    into  consideration  the   viscosity 
of  the   solution,    the   friction  between  the   Ions  and  the   sol- 
vent,   and  hetiTeen  the   ions   themselves,    the  normality',    dis- 
sociation,   current   employed,    etc.,    and  five   a  satlsfnctory 
e^reement  b.^tween  caZoulr.ted  and  experimental  results.      Mac- 
Gre-'or"   and  his   students  have  also  carried  out  considerable 


4.  j:t2chr.    :iectroc}.ein.    7,   -U'S'  QBrv)  . 

5.  "  vhys.    chem.,    37,    ?4S    (1808). 

6.  "  "  "      ,    1?5,    115    flRfB). 

7.  Journ.    Ohcn.    3oc.,    24,    1149    firO?^). 

8.  Ztachr.    phys.    chem.,    38,   43G    (lOfT). 

0.    Trrr.s.   TI.    C.    Inst,    cf  3c. ,    10      flfifB  -   9V)',    f,    131    (IHrB 
-  9t]);   Phil.    ;,!S^.,    ;i,    lj7r.    rierT;);    Trans.   Koy.    3oc.    Can.,    n, 

sect.  ;?,  (-5  riBP'i  -  r7) . 
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work  upon  the  'jonduct-ivitlci:  o:  mixed  electrolytes,  colvlnr 
the  eiufitions  deduced  by  r^   graphical  method. 

In  our  work,  ho'7i=!-/er,  th.c  viscosity  of  the  mixtures 
differs  oonsidcrcbly,  in  msny  op.seo,  from  thrt  of  the  siii- 
lE^lc  solutions  assumed  to  hpve  the  same  normr.llty.   This  ^'ould 
involve  chfin/res  in  friction  in  the  movement  of  the  ions. 
Also,  the  Hjnount  of  wn,ter  oomnined  as  hydrate,  i.  e.,  the  di- 
mensions of  the  atmosphere  s.bout  the  ion,  continually  ohajir- 
ed  from  one  normality  to  another.   This  ip.'/oi'/ed  a  v'^r-'-ing 
dej^ree  of  freedom  of  movement  of  the  ions.   A("^p,in,  the  /ar- 
iatlon  in  the  number  of  pa,rticles  preaeTit ,  tons  pnd  mole- 
cules, must  involve  continual  variation  in  the  amount  of 
friction  'netvoen  the  ions.   As  ?  oom-oaratively  short,  pnd 
nt  the  sane  time  suff Icit^ntly  aocurrnte  method,  we  have  ad- 
opted the  fcllOTTing  in  apporiionin^j  the  diminution  in  '-•on- 
iuctivitj-  to  the  constituent  salts; —  Cince  've  have  dep,lt 
rith  mixtures  in  vrhloh  the  t->."o  elcctrclytes  hB.ve  a  common 
ion  in  every   oase,  vre  hsve  based  the  method  on  the  ntanbrr 
of  this  common  Ion  yielded  by  the  constituent  srlts  in  sep- 
arate solutions  at  the  sane  normality.  By   the  spne  nor- 
mality v.-e  raenji  tliat  if  dual  volumes  of  tiro  solutions  sre 
mixed,  and  ajiy  diminution  in  volume  '.rhich  nfj^  take  -nlP-ce 


'o 


1  n 

upon  ir.lxlii^  Is  con.T)en2a,led  for  *:;'  the  addition  of  pure  30I- 
vent,  then  the  normality  of  each  solution  in  the  mixture 
nri:,'  be  rsoumod  to  be  exactly  half  of  that  of  the  constit- 
uent GOiuLlo7i3.   If  oa>:jr«;:jo  Ion  Of  the  ionization  is  deron- 
dcnt  upoii  the  cominon  ion,  then  it  will  be  inverse l.v  as  the 
number  of  thLs  common  ioii  I^irnishcd  by  each  of  the  salts 
in  tt.  mixture.   This  mjmbcr  v/aa  obtained  thus:—  The  fif^re 
representiiip  the  uori~ality  of  the  individual  solutions, 
multi-piled  'c^y   the  value  of  OO    for  the  solution  nt  the  ncr- 
maliti  iji  juestion,  ..'ould  e:ive  the  f^rrc'jnme  atonic  v;cip;ht  of 
the  common  ion.   Suppose  the  case  to  bo  one  '.'here  a  solut- 
ioi".  of  potessivua  chloride  has  been  combined  rrith  vx\   cr-ial 
volume  of  a  solution  of  calclur.  chloride.   It  bcinr  assun- 
ed  that  cplcium  chloride  lissociates  Into 

5a, and  C1,C1, 
this  litfire  representiri*-  the  f^rarjne  rtoir.ic  weight  of  the 
common  ion  Trould  have  to  be  doubled  for  a  ternary  elec- 
trolyte, such  as  calclLim  ';hloride.   Since  t^.'O  chlorine  ions 
arc  rc:;uircl  to  rc-iorm  t>   laol^^cule  of  calcium  chloride, 
the  fifrure  expressing';  the  number  of  chlorine  ions  driven 
back  in  the  case  of  calci'.am  chloride  r.ust  be  divided  by 
tu'o,  in  order  to  rpt  the  relative  nuir.bcr  of  molecules  of 
calcium  chloride  re-formed. 


r6 

Lot  U3  take   Vr.e   vplueo  of  A  ^,  as  expreasinr  the  uol- 
eculr-r  coniuctivity   of  the  ooinpletely  dlaaooir.ted  .T.oleoules 
of  the  various   salts.      If  tiie   fU-urea   for   the   rolatlye  num- 
licrs  of  noleoules  of  the  two  sf^.lta  re-forncd,   be  cultlplied 
by  I  he   proper   value   of  J\.  ,    -'■^    i^hall   the^^   v-yr^   the   reiR.- 
tlve   losses   in  conductlvit:/.      i'rom  this   the   abijolute   loisses 
are   rep.dily  obtptned.      An  exprnple  rnay   oXiffioe    to  HiaKe   tliis 
clear:-  Take   the   cnse   of  the  mixture  of   e^uf.il   voluines   of  a 
solution  of  1.8  !T.    calclvun  chloride   and  of   1.7  !C.    r.ota^alu;:! 
chloride.      The   resultinf^   solution,    any  diminution  of  vol- 
Time   having  been  compensated   lor,    ^-rill   consist   of  O.P  K.    cal- 
cium •i'hloride   and  O.hS  !I.   pota^^aium  chloride.      The   diasoc- 
iat  Lon  of  a  0.9  1:.    solution  of  the   specirae]"i  of  c?'lciun  ch- 
loride  employed  was   found   by  conductivity  measiirenents   to 
be  53. 2;^';    of  0.85  N.    potr..siur.;  chloride,    Sr^.a;-,'.      ''oubliuf 
the  value   of  oC  l;i  the   cp.se   of  calcium  chloride  rnd  nulti- 
plyiu£   by   the  normality,   v/e  ret   0.r57(3.      3irailprly,    for 
potaasium  chloride,    0.70G8.      These   rc-^resent   the   relative 
niombers   of  chlorine   ions  ^-'hich  "Tould  be    furnished  b"   each 
salt    in  the  mixture,    if  no   ijuppreosiOii  of  tJic    ion.ization 
tooK  -nlnco  upon  mlxinp;.      That   is,    if  driviiif  back  occurs, 
according'  to  the   lav  of  masa  action,   707  chlorine   ionc 


-  I^p   . 
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^      I- 

ahoi:lJ  ot»  driven  n.ioi;  to  re-forn  oalol^Jin  clilorilc;    to  i  5^; 
for  -notaasiuni  cLlorldo.      liut   since    it   roiuircs  two   ion^   of 
chlorine   to   re-forn  eroh  molecule  of  ce.lciuin  chloride,    only 
1-54:  r.olecuies   of  caloLun  chloride  will   be   re-formed   to  ev- 
ery f5fi  rcoleculea  of  potaaaiun  o-hloridc  .      ijaitiplyiiv.   these 
YP.lues   "."yloo  ^°^  calci'ari  ohloride   n,nd  potpasiuEi  chloride 
respectively,   we  p-et   5M2;'!,    approxi;;ietply ,    for  calciTom  chlor- 
ide;   riJid  70C5   for  potassium  chloride.      These    /^lues   repre- 
sent  the  relative  losses  in  conductivity  upon  inixinr.      rroE 
this   the   decrease   in  conductivity  caai  be   r.pportioned   between 
the   two   srlts. 

All  conductivity  Keasurenents  are  fjiven  as  specific 
conductivities   in  the  nixtures.      flie  units   cmtiloyei  ^^re   re- 
ciprocal  oontimetre   ol'.ins.      ror  fur'^oses  of  ':'Oiapnri3on  'Yith 
the  -Drevious  work  upon  the   "Hydrate   theory"   our  units  nay 
be   tranaforr.ed  b;*'  dividing  /\^  by   1.0-  r.^     This  would  ^'rive 
yU^  for  the   same   liriid- 

Ihe   corapositiono   of  the    hydr-tes   in  the   sinfle   solut- 
ions '.'a.s  calculated  by  tlie  metl.od  nreviousl?'   .i.rloyed   oy 
Jones''  a:id  his  '^ovrorkers. 

CXPiFILlliMTAL  Y/ORl-:. 
PEE^ZIIIG  ^OIKT.  The  more   concentrated   solutions  were 

-'rozen  by  .Menas  of  n  Mixture   of  solid  '■\^rbon  dioxide  and 
alcohol,    the  freeziiv  temperature   bein<^   deternined  by  ineans 
of  alcohol  thermometers.      These   tcir.perptijres    ""ould   not   lie 
mea.jurod  more   closely   than  OJn.    lor   the  more    ILlutc   t-.olut- 
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\on-3   ireesiiif-  ir.ixlurea  of    !.':e   and   soil'un  '-rJUoridc  ,    or    ice  aiid 
orytstallized  oalciiuu  chlorido  ^verc   employed.      Ihe  tei..pRre- 
tures  were   read  by  raeajia  of  -x^okinann  thernoraetero,   cover- 
ing a  rni-\fe  of  G°,    12°   pnd  25>°   resTectively .      WJien  the  nore 
conociitrr-ted  solutions  were  frozen  the^''  \rere  removed  fron 
the   ^lirth   of   30III    :!-',rT3i    IL^cLl-    i,nl  T.l'^o'iol   ^.J   .■    /\  13 

jjL^an  to  3eparai.L,,    .  :   ur.io:-  '     -^    -■-^-    -.Ir'ht  not  be   sur- 
rounded ny  the  very  cold  freeziiv:  r..ixturo  while  teinnerature 
eTJiiiDi"^-TJ^  "^P-s  beinp:   eatabliahad.      The   necessary  correction 
for  the  separr-tion  of    loe   and  conseiu-'^nt    increase    in  conceli- - 
tration  was   introduced   in  every   iiistajice.      The   ser^aratlon 
of  jone  of  the  dissolved  aubstpnce  "-/as  reclil:''  ascertained 
L'y  the  crit   or   sand   like  character   of  the   solid   ti  Pt   sep- 
arated,  wiiich  was  easily  detected.      Since   it  was  found  that 
in  the  volune   of   liT-id   emplyed   in  the   frcealnf.-noint   tube, 
about   t^-;enty-f Ive  cubic  centineters,   a  fri^e^iinj-'-T'Oint  de- 
termination rcfde  with  a  larp-e  undorcoolinfT,   and  consequent 
copious  separation  of  ice,   ;rave  sorae^rhat   different   results 
from  cne  where   tlie  undercoolii^  ^^as   less,     -are  was  tr-.ken 

1.  ".he   Oonductivity  0/    Lira  ids  J,'    0.    1.    .c'er,    ^f'^ej   '^.   ^i    sei. 

2.  /or.er.    Jher,.    Joiiri:.  ,    ?4,    9SP:    ^li05);    A;.aer.    Chen.    Journ. , 
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both    ill  the   free:iLi-ir;-polr.t   deteri.i  Lnn.ttonc   of  the  pure   l;o1- 
/ent   pnd  of  the   aoluttona,    to  heor   the  iinderooolliv  ne^^rly 
the   3r*me: — about   a  derrec ,    thrcurhcnt.      This  neceacltf.tod 
Lnnooulatlii^'  the   solvation   >.Lli:   i-^i  exceed iiif-ly  mi'^ute   par- 
ticle  of  the   30lld  phase    of   the   solvent,    In  nearly  every 
esse. 

OOI^TJCTIVIIT. 

Condu'itlvit  les  ■•*ere  measured  by  the  method  of  Kohl- 
rB,U3oh,    enployin.p'  ?  Whef?tatone  brldfre,    telephone   receiver 
pjid   indM"l '.u'l  "c'il.      The    urt'iire  vLre   '>ira3   of   ''r.Bji^L.uuu"   and 
^vB,d  calibrated  before  beKtiinlng  the  "iTorh,    Dy  the  nethcd  of 
Strouhal   and  Darua. 

The   realatance   colla,   nrJiufrtCtured  by  Leeds  and  Co., 
'^ere  tested  and  found  In  no  cf..3c   to   in.volve  a  trreater  error 
th?n  0.04   T)er  cent. 

The   dilute   30ln\  loms   v/ere  Mec.sure'i    ^ii  conduct ivity 
cells  of  the   form  employed  by  Jones  and  McMaaterv  the  tuboc 
cr?rrylnc-  tlir=,  niatlnum  v^lcctrodea  beiiu^  sealed    Into  both  th.e 
upper  f?ni   Icrer  vrail;:   of   the   Jtonp^'^r.      .^cr   t;";c  more   concen- 
trated  solutions  cells   of  the  tyne  used   by  Jojies  and  Getman' 


1.    Wied.    Ann.,    10,    r,:^0    (1880). 

U.   i\iner.    Jhen.    Journ. 

-''..    :t50hr.    rhys.    Chem.  ,   40,   ri54   (IPo;'.). 
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were   emnloyed.      The   clectroleo  were   trorted    Ip,  the  uaupl 
TJiPiuicr    fcoptel  •.•Lth  ^l^.ttuura  blr;,cK,    etc.),    In  crcier   lo  ob- 
tr.ln  n    alirirner   tone  mlnlmiim  or  point   of  silence    in  the  read- 

Tho   oella   for  the  more   dilute   scliationa  irerc   zt^^1~ 
d?Tdiscd   by  dcterniiiing-  the   cell  constrait  by  nieans  of  ri/so 
"DOtF-coiruTi  chloride.      The  Vrlne  k  =    .OOISIJ'S   wao   takeii  r,s 
the   conduct  1/lty  of  ^^/bO  T)0tp.33luni  chloride,      i'or   the  raore 
concentrated   solutions   the  cell  conctsjits  vcro  determined 
rltli  a  Tt/s   solution  of  potf'sslum  chloride,    for  -.rhich  k   = 
.0??G5   at  O*.'-'     The   notaaslum  d  lorlde   erf.nloyed    In  deterr.l;> 
ing-  cell   oonatajits  n'as   recryatalllzed   five    Mi/iea,    the   last 
two  times   from  conductivity  "Tter,    and  \-ao   free   from  all 
ImTJurltie^.      The  ceil   constants  vers   frequently  redetermin- 
ed,   out  very  little  change   in  them  was  looted  from  tine  to 
tine.      The   cells  were   filled  with  distilled  uater  uhen  not 
in  use,    and  v;ero  alTfays  carefully  cleansed,    dried,    and   rins- 
ed with  the  nev;  solution  vfhen  a  chmipe    in  solutions  was 
luade.      All   conductivities  were  r.e- sured  at   0*.      The   temr^er;'- 
ture  of  tlie   zero  bf^th  was  always  -"ithln  a  tenth  of  a  derree 
of  'J"   as  determined  by  an  p.ccurately   standardised   thermom- 

.-/il'ese    '/r-lues   nre   c'-lculp.ted   from  the  resnltd   of  Jones   -vud 
West.      Coo  x\mer.    Chr-i-;..    Journ.  ,    Tvl,   obi    fllOC). 
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eter.   All  ooniuctlvity  rneasnri-^mer.ta  aro  tlie  nvernre  of  four 
r.oasi:remer,t3  vrith  dlfferlii^  rcalstmcos  in  'Circuit. 

The  water  used  in  this  vTorlc  vrv^a  t>uri:iod  thus:  Ord- 
inary distilled  ^/at^^r  was  rediatillpd  fron  •potasaima  dt- 
yhror.rtc  ruil  sulT5i.urlc  acLd.  Thla  vaa  th<?n  o^.:.i,in  distilled 
from  p  Dccond  flask  -lontaininp-  acidified  potassiun  diohro- 
npte,  and  the  atecun  led  throuph  a  boiling  aolutio^^.  of  brr- 
iuK  hydroxide  cud  condensed  in  a  Mod-'  tin  condenser.  The 
Trater  purified  as  a,->ove  hr.;.d  a.  conductivity  of  1.2  to  2,5  :•: 
10"*  at  0°. 

It  is  well  kno^m  that  the  conductl/Lty  i;.ethod  is  not 
sji  aoour.'-te  mea.sure  of  dissociation  in  concentrated  solut- 
ions,  ijspccially  is  this  the  case  ?t  the  concentrations 
with  '"hich  v^e  dealt,  since  in  the  mixtures  \^e  have  enployed, 
the  values  of  yV^  ^Tere  detern:ined  for  each  jalt  by  dilutinr 
the  sincle  solution  to  a  naxinura  value  of  A,^ ,  as  the  value 
■■'hich/Voo  '"'ould  exhibit  Ln  the  mixture.   This  is,  oovtously, 
a  source  of  additional  error,  for  the  conductivity  of  the 
Ions  resulting:  fron  n  '-lonirletcly  dissociated  r.oleoule  in  a 
very  dilute  solution  must  be  different  from  the  conductiv- 
ity of  these  ions  in  a  more  concentrated  solut  ton.   In  the 
more  dilute  solution  a  lar'-er  atrnosr^here  of  the  solvent  la 
cttrched  to  the  iono,  and  this  must  mt  drrvTed  alotv  oy 


ir 

them.      Thi?re    la  c  rauoh   snaller  number   of  p.-j.rtiolea   of  salt 
(lo^i^  or  uoleiTulea)  ,    ^rest^iit    In  the  ■illute   solution  than  In 
the  more   concentrated.      Conseiuently   tjie   friction  between 
the    ions    Ln  their  noveraents  rauot  be   different.      The  vis- 
cosity of  tiie   solutions   in  nhich  y\     cr^.u  be   dctcriuin*^!  I   ia 
very  r.uoh   leo3  than   the   viscosit:;   of  the   solutions  ;.'X   the 
concentrations  omrloyed.      These   -^re  f?.il   im-oortant   factors 
'"hich  affect    the   conductivity  of  pny  riisaolvel   aubataiice. 
The  method   is,    ho'-vever,    an  approximate   one   for  ."neasurinp 
such  dissociations  and    is  the   best   we   can  do  ft  present. 
All   th^.t   CELn  be    said   is,    that    it   T)ro-^a'niy  kIvcs   v^alues 
of   the  ri'^'ht   order  of  raa^gnitude. 

OALGITJIJ   CHLOPID'i;. 
A  atronf-'  mother   solution  of  Ualcium  chloride   'vas  made 
up   ?nd   standardized  by  precit)itatinp:  the   celcLum   in  a  known 
vol'une,    fnd   from  this  calculating''  the   f^jriount   of  calcium 
chloridr:-   present.      All   solutions  ^-fere  made  up   by  dilutiiVs 
the   calculated  amount   of  Lhis  mother   solution  to   the   re- 
luired  volume. 
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in. 

A. 

1?517 

5?05'" 

O.B 

n.G7?. 

6 .  .%44 

o.t; 

cT.270 

5.400 

0.7 

4.0G5 

5.807 

o.r 

5.4J^2 

G.02''. 

1.0 

G.410 

CT^IO 

1.1 

7.080 

G.AoO 

l..'^5 

r .  Pifij^ 

0 .  f  r54 

1.4 

10.05 

7.18 

1.55 

11.58 

7.47 

1.755 

14.^3 

8.]G 

1.88 

14. 6f 

8.16 

3.2 

ai.07 

9.58 

2.7 

PO .  25 

11.20 

r<.i 

.?f  .5 

12.74 

?;.fiiOG 

4P.5    ? 

14.10    ? 

In  this  table,    na   else^-zl^ere  'There   tiioy  occur,   iT,    Ls 
the   concentration   in  terjus   of  ^rrx:  aolecules  ver   liter;   A 
the  observed  freezln/>polnt  lowering,   corrected  for  tl:e 
oc-naration  of   ice,    pndA/n  the  mclecv.lrr   lorrcrinr-  nf  t!-,,-^ 
freeziiv— point . 


a.?  V.I 


?vr .  ^, 
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Tn'-iie  II.     cu'THTCTivir-?'  v.i;A.rTT':::.:""T3. 


A.,  0- 

-  147.52.- 

k. 

.028044 

e'b.5 

.034 

0.5 

2.  Jw-^ 

.04?o01 

'•7.(: 

.5(4 

0.0 

1.6e3t36 

.050200 

8? .  8 

.508 

0.7 

1.4285 

.057555 

82.2 

.557 

o.r 

1.1111 

.070CC1 

78.4 

.532 

1.0 

1.000 

.07554 

75.5 

.512 

1.1 

0 .  r-or 

.081573 

74.1 

1.7^5 

0.7407 

.0r28C0 

08.*-> 

.406 

1.4 

0.7143 

.0C3GG 

07.1 

.455 

1.55 

0.6453 

.orri84 

C4 . 0 

.434 

1.755 

j.5Gr8 

. 10723 

Gl.l 

.414 

1.8 

0 . 5555 

.107207 

5P.H 

.  k05 

2.2 

0.4545 

.115870 

52.7 

.357 

2.7 

0 .  •:'-704 

..7757 

43.0 

.  2f0 

3.1 

0 . 3226 

.11410 

30.8 

.250 

25.510t. 

o.r>f>if- 

.10710 

ro.5 

.207 

In  thiij  taJile,    p.^   oisev::.ere   throUf,T.cut    .iii-i:  iT-per, 
r.  is  the  concent  rat  ion,    Ln  ternt3  of  f^Trn-v.-noleculas  -"or   litre: 
V    ts   the  n:i-hp.r  of  liters  that   contain  n.  r-rain-iaOleonle   of 
the  dlaaolveLi   ^uostpaice;    k   la   the   dpcoific   ooiriuvtiy/ity, 


1.    C-'lculated   from  the   value  j^iven   i^y   Jones   -' n:l   "Posett; 
Ai.i3r.    Chora.    Journ.  ,    33,    547    rir05)  . 
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rjnA   is  einnl   to 

jU^  X   .  00 lOOf         ; 

yV^is  the  molecular  ';oiKiUctivlty  at  0°,    nncl    la   equpl   to 

1000  X  V  X  ^',    ^  i-a   the   per   cent   oi"  d t330cin.;tlou,    aul   is 

eiual  to  A.^/J\^. 

Tabic   III.      »vi:iG}IT-;"'jr.aAL  COKK-ilCTI'JilG,    or  Hurr/oer  of  9r?un3  of 

8olvc}:t    In  h.  1000   cubic  oenLlineter^  of  Solution. 


m. 
0.3 

aol. 
51.n70 

W 
oalt 

1.6ti5 

w 

4r.  (C5 

Correct  Lon 

rer  Cent. 

0.8 

0.5 

5!2.nC08 

2.775 

•T.^'^n;. 

1.0 

O.G 

52.7437 

3.33 

41'. '1=137 

1.2 

0.7 

53.11t3'i 

3.li85 

4P.2i-;i2 

1.5 

o.c 

53.r816 

4.rP5 

48.r.  r,n 

2.0 

1.0 

54.3  ,0 

5.55 

4B.77G 

2.4 

1.1 

54.772 

C.105 

48.G67 

2.7 

1,^5 

55.(435 

I.4r25 

46.451 

.:'.i 

1.4 

nG.llfS 

7.770 

48.345 

3.3 

1.55 

56.05(32 

8.t)025 

48.0537 

3.0 

1.756 

57.7040 

0.7402 

t7.rr)38 

4 . 1 

1.8 

28. POO 

4.CC5 

23.105 

4.4 

2. a 

20.650 

G.IOC 

23 . 545 

5.8 

2.7 

"'0.082 

7.402 

23.100 

7.2 

3.1 

31.401 

8.t;02 

]2.r50 

8.0 

i:.510G 

32.1G7 

r.720 

2M.467 

10.1 

.  y     >■'' 


;  .1 


o.'- 


fl.r. 


In  these  tnblcs  of  '■.'el/rht-norr.ir.l  oorrectlona^  m  V.p.a 
the  usual  alfuifloanoe;  Wc-qi  is  the  '.reip-ht  of  trronty-l  ive 
or  of  fifty  (Uiblo  cent  1jr.pt ers  of  tre  solution;  ^301*  "l-S  ^^^ 
\/eij?ht  of  salt  oontaln^d  i:\    min   vwI^muj-    of  the  3olution;\Vj^T  q 
is  the  ■;rGlc:ht  of  v/ater  In  thia  volume  of  solution,  eiual  to 
\Vn«T  —  '.Vo-T^;  Correction  Per   Cent  I2  the  rercentsFe  cor- 
rectlon  to  be  f;pplled  In  order  t-o  refer  meaaurenients  Lo  a 
thousD-i:d  p-rnr^G  of  solvent.   These  are  riot  specif 4c  grrvity 
measurements  r.ede  in  pycncmeters,  mid  \re   therefore  e^ive  the 
correction  per  cent  only  to  the  first  declr.rl. 

1:\   the  followlH'-:  table,  as  in  ?11  other  tables  of  the 
hj/drates  formed  in  the  Glnf;le  solutions,  m  has  the  usup.I  sif^- 
nificence;  OC   ia  the  -ocr  cent  cf  dlssociatio'i;  L  Is  the  theor- 
etical molecular  lov/eriJif^  of  the  freeziivr-point  referred  to  a 
thousand  £:rai:is  of  the  solvent;  ^/m  the  molecular  lOTvering 
found  experimentally;  L'  the  molecular  lo'-rerln^,  isi  the  number 
of  prem-moleoules  of  v:atcr  in  combination,  both  bclnr  refer- 
red to  e   thousa-ud  f^rams  of  solvent; 

M  =  1000  —  ^1  X  1000 

18        ' 

II  ia  the  iiumber  of  molecules  of  uater  in  comb i!iat ion  vith  one 

molecule  of  the  salt,  at  the  concentratioi  in  question,  if 

a  liter  of  the  solution  at  that  concentration,  contained  a 

thcusruid  r.Tcriiz   of  water:  It  oruals  —  . 

m 


c(^i  X  ,4- 
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Tp.'Jle  r 

1- 

IIYDPATEC . 

m, 
0.3 

oc. 

J-  • 

4.3:^ 

5.00 

L'. 
5.02 

0.5 

.5f4 

4.0c> 

5 .  34 

5.20 

O.G 

.5(;a 

3.f7 

5.45 

5.3P 

0.7 

.557 

7,.c^ 

5.81 

5.72 

o.r 

.532 

3.84 

6.02 

5.ro 

1.0 

.513 

3.76 

6.31 

6 .  10 

1.1 

.502 

3.73 

0.44 

0.20 

i.;55 

.'\6G 

3.59 

G.P3 

0.72 

1.4 

.455 

3.55 

7.18 

(; .  f  4 

1.55 

.434 

3.47 

7.47 

7.18 

1.755 

.414 

3.40 

H.1'5 

7 .  83 

1.8 

.405 

3 .  37 

K 

7.80 

'A,  2 

.357 

3.10 

r.58 

0.03 

2.7 

.3r.o 

2. PC 

11.20 

10. 3r 

3.1 

.350 

:i.7r 

12 .  74 

11. ro 

3. 5106 

.ao7 

3 .03 

14.10 

12.0!-: 

M.  H. 

8.8  2r.4 

12.0  25. n 

14. G  -^    .,^ 

17.4  34.8 

10.4  21.0 

21.0  " 

22.4  20.4 

25.0  IP. 2 

27.2  19.4 

28.7  lo.5 

31.4  17.0 
-"'•1.0  17.5 
35.0  10.3 
30.7  14.7 
'V3.0  14.1 

40.5  13.2 

olnoe  we  wlslied   to   invest i/TCte   tl"ie   effect   of  the  pres- 
ence of  a  salt  with  little  lii'^dratinr  vo'sor  upon  a  sell  -flth 
considerable  licv'drat In^-  power,    potaaaltua  chloride  waa  added 
to  caloiioin  chloride.      Tl^e  dHtf?    for   tlie  '/Hrl-ous   oolntlona 
of  potaaslum  chloride  alone  ere   therefore  riven  next. 


V    I 


vr, 


ji.- 


ol 
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POTASSIUM  CIILOPIT^S. 

A.  A/m. 

i?5a  r.?35 

2.34  ?.45 

2.ri  r^.4,'^ 

3.08  7,. '19, 

R.58  3.11 

'+.48  3.45 

4.40  3.4G 

5.93  3.40 

7.4S  3.54 

C'.2P  3.58 

Tanic   VI.    CO^mTIGT.IVITY   IJ^.AS'TP.C:JE^"TS.  , 

.  83f 
.835 
.832 
.812 
.818 
.805 


.800 
.7P? 
.7 -P. 


T^')J 

.e  V. 

m. 

0.45 

,G5 

0. 

85 

.00 

1. 

,05 

1, 

,2072 

1. 

,3 

1. 

7 

a. 

.1 

2. 

,5045 

A        •*  - 

80, 

u. 
0.45 

V. 

2 .  22<j 

k. 

.030332 

C.7A 

0.65 

1.538 

.043(308 

67.1 

0 .  85 

1..17G5 

.050804 

GC.ft 

0 .  00 

1.1111 

.053717 

65.2 

1.05 

0.0523 

.OfJi'OeO 

G5.7 

1.2072 

0.7709 

.083048 

6A .  7 

1.3 

0.7802 

.084118 

H 

1.7 

0.5a82 

.100202 

ex. 2 

2.1 

0.4762 

.133785 

63.7 

2  •  ol  '  tL> 

\^  •  <■  ^.  O-  t 

.IGC'207 

62.8 

LI 


"16 


Tanio  vix.     t:::ght-"of:.:al  coip'^crio^is. 


m. 

'•^Sol . 

W^ait. 

Wl-^0. 

Correction 
PIT.   CJirT. 

0.45 

8. 

0043 

0 

.20353 

7.740(:7 

1.4 

O.f.5 

R. 

07r^5 

0 

.38000 

7.Gf284 

2.0 

0.85 

fi. 

144;^ 

0 

.4f054 

7.04760 

2.0 

O.f'O 

:i5 

.V9?>0 

1 

.0785 

2'=.  3151 

2.7 

1.05 

8. 

2ir>9 

0 

.oi4ra 

7.00If 8 

3.2 

1.;-^ 

30 

.5127 

2 

.4245 

24.0882 

3.7 
5.0 

1.7 

2G 

.('28 

3 

.  1705 

2''^.  7575 

5 .  P 

2.1 

■?7 

.'^'•=57 

3 

.ClOS 

33.52P2 

0     c:  r  .1 

r;       '^H 

.0254 

4 

.8385 

23.18Gr 

7.3 

Tpv,ie 

VIII. 

IIYnFATSS 

• 

Ai.  • 

^. 

L. 

A/m. 

T     I 

M.           II. 

0.45 

.88P 

3.42 

3?35 

3 .  30 

0.05 

.  835 

3.41 

3.45 

3.38 

0.85 

.832 

M 

3.43 

3.34 

O.PO 

.812 

3.37 

3.43 

3 .  32 

1.05 

.818 

3.38 

3.41 

3.'t0 

l.297[ 

3.805 

3 .  30 

3.45 

3 .  33 

1.;^ 

II 

n 

3.46 

N 

1.7 

.800 

3 .  35 

3.4£> 

3.31 

a.i 

.7r3 

3.34 

3.54 

3.33 

2.5r45.782 


■7       "Til 


3.58 


3 .  32 


]\/Lrtently  no  hjrdrat- l?)p;     -nouer. 


1.    Calonlrted   from  tho   value  riven  by  Jonea  rnd  Went;   Air.er. 
Chen.    Journ. ,  3  ^ ,    381    ( i$'05 ) . 


.  .M 


V. 

0.^ 


«.f 


27 

HtcTHES  OF  CALCiu:.:  JHiOEinu;  Mil)  poiadsiuij:  jhlo.rids. 


::JA:rr;^  ]:,:-{: ^T 3 

• 

r. 

A. 

1 
II 

4?4ir, 

1 

G.G25 

1 

n 

r-.i? 

1 
II 

13.01 

1 

M 

15.00 

1 

n 

if:.r3 

1 
II 

18.0 

in. 
1.0    Cc.jJl 

o.r.  K  di 

1.4   Ca  Clo 
1.^   K   CI   "^ 

1.8    of^    v^lo 

1.7  i:  CI 

3.2    Ca  Clg 

2.1  i:  CI 

2.7   Ca  Gl<j 
2.E5P45   K   CI 

r^.l  Ca  OI2 
2.5i:'45   K  CI 

?. 510(3   Ca  CI2 
2.5r'.5   K   CI 

Coluiaii  headed  P   indion-tea  parts  by  voliorae   of  eac^h   solution 
wlilch  were  mixed;    m    Ls  the   normality  of  the   aolutionc   before 
mixLiif:;      In  order   tl'.at   each   solution  ahould  have   exactly  oi:e- 
half   the  normality  after  uixinj?:  vhLch   it   had  before,    t):e   voi- 
une  of  the  mixture  was  brought   to  exactly  tvrioe   the   vol^une   of 
either   constituent   solution. 
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.\^ 


2P 

:-    !  ;j   +ii.-»    ii.-.-^-;-!-!  t"   of  the   oOl'.itiona  i.iixe'l.      P   Is   the 
Ttarts  b"   \/olujae   oL   c?s.oh   solution  '/hioh  were  mixed.      When 
eiual  voliuie^j  arc  .tiIxcI  the   roanlting  nornplit.v  of  each   i:ol- 
ution   is   exactly  one-half  of  thP.t   of  the   ooliit  ions   before 
nixing.      This  is  ,e:Lven  nnier  n^.   V^ls  ivir/oer  of  liters  of 
solution  vfhioh  ".rill  contfiin  a  rrm  molecular  wclfTht  of  the 
salt,    based  o^i  v.^.        K^    Ls   tlie   sT)eoif4c   conduct IvLty  of   the 
mixture.      This  v/ould   ue   the   cum  of  the  conduct i\^  it les  of 
the   comT)onent   solutions    if  no   suppression  of  the   ionizat- 
ion occurred.      K  f'ives   the   condiaotivit  Les  of  the   sin^rle 
solutions   of  each   salt   at   the  normal Ity  acquired  upon  mix- 
in^'.      In  each  case   the    sum  of  these   tv^o,   r.^.ir.ua  the   con- 
duct i\rity  of  the  mixture,    k^,   erives   the   djcreaso    in  con- 
ductivity due  to  the  drl/ing  back  of  the  dissocir.tlon  of 
the   salts   in   luestion.      ThLs   is  t'lven  under  ti.      This   loss   In 
conductivity   Is   then  apnortioned  to  es.ch  electrolyte   by  thr- 
method  already   described,    and  the   resultlufr  conductivities 
pre  riven  under  Kq'     From  this,  A  ^  ^'""^    ^  ^'^  obtained. 


if. 


r..        ?.  Wsol.  V,'sait.  '^Vii^o.  Correct  Ion 

1.0   CaCl      I         '■>0.7V\H        ?,.320r.7        34.5184?^  ^°^   ^®'^^ 

0.0  KCl 


l.r 


1.4    JaCl      1        27, :^(:ty2        .'^.1543  24.rU[20  3.3 

i.a  KCl 

l.b    CaCl      1         i>8.0r^54        4.0R27  2?.r5i!7  4.2 

1.7   KCl         " 

2.3   CaCl      1        28.0177        5.0102  23.(3075  5.G 

2.1    KCl         " 

2.7    CaCl      1        2f'.422  6.1055  2  J^.  2565  '  -^ 

2.5r45   KCl" 

?.l    C-iCl      1        2{"'.8247        0.7205  2-'^.  1042  V.6 

2.5r45   KCl" 

r<.5106    waCl    1   ao.2118        7.27fg  22.r2Z5  B.3 

2.5Q45   KCl      " 

Procc-edi:!^  upon  the   tentative  hypolheyls   that   the 
calcium  chloride   rorms   the   aejrie  hydrates   in  the  presence 
of  a  salt  -.rith  no  iiydratlnf^  power,    tl.rt   it   rorns   in  separ- 
ate  yolution,    Tables  XII   Kjid  XIII   a.re   prepared. 
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Tr.bii?  ::ii.     CALciu:.;  cTiLoriD-:  in  tii;:  :.T:n'T^^::■ 


i; 

•> 

F. 

r.Q. 

ot. 

L. 

1.0 

o.r 

CaClo 

r:ci 

1 

u 

0.5 

.f-7:' 

.". . !  92 

1.4 

1.;'- 

CaCl2 

KCl 

II 

0.7 

.r,  r 

.''..RHP 

1.8 

1.7 

•■-CI 

1 

II 

0.9 

.'IM 

;^.(;fi7 

2.2 
2.1 

CPOI2 

KCl 

1 

II 

1.1 

.  \52 

3.541 

2.7 

v;aCl2 

1 

1 .  «5 

.404 

R.i3G2 

2.5r45   KCl    " 


P,.7r,P 
3 .  464 
4.12c 
4.8R 


0.1   CaCl2      1    1.55  .?75  3.25C  5.462 

2.5945   KCl    " 

3.5100    OaCll    1,7553       .355  ".179  6.084 

2.r>r45   KCl'^" 

<^   Is  the  dl330clatlon  of  the   calc.liun  chloride   in  the 
mixture.      L  la  the  fr^  ezing-poljit,   lowering:  calculated  from 
the   formulad.ao  X  2(X)  +   1.80.      I    is   the   ITGesinr-Doliit 
loiTeriiig,    corrected  to  one   thousand  frrrina   of   solvent, 
^rhich  the   salt  -v/ould  g'ive    if  ther  -.vere   no  hydration. 


.1 


S'i 


S2 


Vi. 

P. 

^"O  • 

Oi  . 

A. 

wn^o 

Correction 

Per  Cent 

I. 

1.0  JaJl 

O.r  KCl 

2 
tt 

0.45 

.70(3 

1.478 

755.7 

«-.c 

i.roi 

1,4  CaCl 
1.3  ?:ci 

1 
II 

0.05 

.7;g 

2.11? 

055. C 

34.4 

3.222 

1.8  Cp.CI 

1.7  ':^:i 

1 
II 

0 .  85 

.716 

2.712 

008.2 

39.2 

4.454 

2.2   CaCl 
2.1  KCl 

1 

H 

1.05 

.(381 

?.23? 

538.5 

40. 2 

0.097 

3.7  CaCl 
n.5C45  KCl 

1 
II 

l.:2C73 

.  619 

3. 0(38 

404.7 

53.5 

8.504 

3.1  CaCl 
2.5r45  KCl 

1 
II 

1.297!3 

.024 

3.021 

408.0 

59.2 

9.005 

,'^.5100  CaOl 
2.5r45  KCl 

H 

1.2f72 

.581 

:].P4l 

340.5 

GO.O 

11,20 

(X   is  the  di33ociation  of  the  potasaiun  chloride  in 
the  mixture.  A  is  the  frGC7.in£--point  lov.'er  L)\c-  deduced  feon 
fl.<SO  XoC)  +  l.SujniQ.   Wu^o  is  the  v^eijp^ht  of  water  acting; 
as  solvent  tov/ard  the  potassium  chloride,  deduced  from:  — 
I,  :  L'  ::  x  :  1000,  \fhich  gives  the  niaount  of  v;ater  ta]:en 
up  by  the  oaloiura  chloride  in  the  formation  of  hydrates  ^'hcn 
it  r.lonc  ia  present  in  solution,  mid  tho  we i^rht -normal  co-;-- 
rcction  for  the  mixture.   I  's  tl-e  ideal  lov-ering  the  po- 
tassi'jm  chloride  would  rive  if  the  calcium  chloride  formed 
the  uame  hydrates  in  the  mixture  that  it  forms  AThen  alone 
in  solution. 


n 


Tabic   ::IV.    Cocparlaon  of  Lo^^cr  Ln^^a  due   to  liydratlon   In  sep- 
arate  Solution  or  OALcjIU-i  cHLOilna  jind    in  the   I.'ixture. 

ni.  P.     .;^.        /\^^.  1,,       i'il-?.       A.        I     ■>lff. 

4.41K  3.rf5      0?41«    2.G7I3   P,.00f3   0?fiOG 

n.C.aS    5.001   0.('r54  4.004  a, 75   1.25 

P.  170 

7.C18      1.252   5. .-^14   «.455    1.85C 

12.01        10.22J5   1.782   G.8PG  4.100   2.700 

15.0  13.442    1.558   f .07 >  4.851  4.221 

1G.5  15.0C7    1.4;^?   11.13   5.r585   5.745 

2!5r?5   KCl'       ^   1-'7C53      18.0  17.2^^8   0.712   14.10   5.07      8.13 

/S^  ,j  is   the   lowerinf.'   found   ex-^erlisie^ ■':■''  l-"-   ^'r^y   -t'-^   r.lx- 
tiire.        I^   la  the   suin  of  I   in  Ta.bles  XII   rind  XIII.      ''-iff^  = 
Z\q  —  I(^   »:   lowerlnp;  due   to  hydration.    A   is   lovrerin^'   found 
experimentally  for  calcium  chloride, corrected  to  one   thous- 
and grrjzs  of  solvent.      I   la  the   lowering  the   cp.lciun  chloride 
should  have  eiven  in  1000  crvna  of  aolvent,    if  there  were 
no  hydrcition.      Jvidontly  Diffoaiid  Diff  aliould   be    identiop.l 
if  there  were   no  chrai^e    in  hydr?'.tion.      Such   ia  not   the  CR.ae. 
(Jonaeiuently,    the  baala  asaui.ied   for  the   calculation  of  I 
for  PotHSLiiun  chloride    in  the  raixture   ia   incorrect ,    aincc    it 
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detJende  u^on  o  Uno-'rled^-o  of  the  p/nount   of  water   cllmtu-'te'l 
fron   ihe   sphere   of  'tctlon  as   aolvent,    ').v  the  hydration  of 
the  oplct'om  chloride.      It ,  therefore,  oocomes  neoeaartry  to 
derL/e   a  formula,  for   Lhe  oalculntlon  of  the  hyirs.tton  of 
the  calolim  chloride,    in  the  nixturo. 

P'ornula  for   Cnioulatinp    Lcwerinp  due   to  H^fdration, 
in  a  Jinary  ."fixture   of  i^leotrol?"-' Ois,    -'i.ere   Oiie   L'rlt   hP.s   no 
IlydratiiifT  Povrer. 

Let   x°   eiual   Icverinr  dne   to  hydrntiou  of   the   S'^lt 
rrith  hydratinf^  pov/er,    in  tne  j^ixiure, 

i  a  ideal  lo'veriii^  v/hich  the  salt  '■fith  hydrating  pow- 
er should  'five  In  the  nlxt-.ire  in  luestlon,  at  the  corrected 
dissociation,    if   there  were   iio  hydration. 

V   «  r.umber  of  litr^^s  vfhich  contain  a  grsjr  molecule 
of  the   salt  with  hydrpttnr  'jo'^er,   r-,t  the  norraollty  it  has 
in  the  fixture. 

'i'hsi:    (x  -f   L)v   -  A/id. 
L3   =    Jorrection  zo   1000  e-rai.ia  of  aolvent,    necessary   In 
iro  fixture. 

fy.  +   I)v  —  (::  -f-   I)v3   -  l'  . 

x'    =   pjnount   of  -rater  <7.ctinp  as   solvent   towprd  the   salt 
witr:  ^22,  -"ydrf^tinf^  -povrer. 

L    :    1 •    : :    x'    :    lOoO. 

L  ■=    <!.'■'<:   X  "^^  <^ )  +  l.Hb,  in  a  ternary  electrolyte. 
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Tl^erp    o(    rcrpeae'itii   vns   '"!crre':'^ea    liaaoolfi.t  Iom   of  tl'e   sr>,lt 

irith  lT.V(irr-.t  liig"  r;owor,   _lu  t  he  i.ilAt'»re. 

fl.Ho   X    '-^^^    -f    l.^^t'    .1000    r   x'  . 
'x  -♦-  I"i  /  —  (x  -♦-   1)  /::■ 

I^it   f^.'sl-ir    l:^t.o  .'•'vo'.ni.t    the   '.Telr^t-normfl    "nrT-'?tton 
also,  In  "Lhe  r.ixturo    ui    luejtlon,    tnc      oo/e   Deoonet*, 

pl.8(>  X  'VgL^  -^   --^Z-    .loool  —  lOU.   =  ^-jnount   of  water   rct- 
L^x  4   I)/  ^    ^x  -4   I)vS  J 

ually  r'?t..liv'  f^   aolve^it   tovprd   aalt  ^Ith  no  hylratliip:  poorer. 

'^uttiiv'  tiil3    in-i^o  the    lorm  of  a  -Dcroentepe   oorre'''t  Lon, 

f !.■  '-  X    '  Cj)  -t-   l.b'.   ^  b -  the  rer  oent  'oy  whloh 

''x  •+    l)v  -~    Tx  -♦-   I)  /3        UTS' 
I    -or   the   i3r-lt   ^'th   little,    or   no  hydr^t  Ljv-  ■»^ower  r.nist  he 

ilviled. 

Let    Oi'*    =   the   corrected  diasoctat  Lon  cl   the   sslt  with 
no  hylrrit inr-  roarer,  In  the  nlxtnre. 

fl.BC  X  ^)  4   l.B'JJn  =   lov'erLr4     it  would  f:lve    in   1000 
prams  of  solvent,    If   it    is  a  binary  elc-trolyte.      n   is  the 
norrnrj.i  tty  of  the   a^lM  witl^   no  hydratin^  ^^o^rer. 

l.bCy.JCK  -^  1) ^  X  -f  I   =   io\/erin^   found 

Then,        l.ecf'-jjC/  4  I)         -  3 


experimentallj'   fofc   t:ie  Mixture.      1  rom  thio  exnross  Lon  the 
/plue   of  x  may   oe  dortvel. 

By  Ciea:i3  of  thLs   forxaul.a  the  value   of  x  l;a4  been  cai- 
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Julp.ted   for  the  vririouj  conocntrntions  employed    In  the  mix- 
ture of  calcium  chloride   "^jid  r)otc,oaiuni  chloride,   and  the 
results   are      iven   in  T-'ible  '^^.      Vhe   a  L-Milfic^n-oe  of  the   r"o- 
bre/iations  has   already  bt^en  pii/ea  in  ooiuiection  vrith   the 
rrecedliifr   tables. 
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In  or'ier   to   ';oiap<.re    the  iiydratcs   forr.ici   vy  oaloliun 
clilorlfie    In  aepp-rfite   solution  wltlt   those  whlo)'    It   forma    Ln 
ti'.e   ;.ixt'.ire  ^rlth  rotr.cn  !.'ir.  ohlorlde   the   >rR,lues  of  M  ?.re 
r.lotted  f^_,<.LL.i^«.    ii.o   •;oa'.-e..trr.tton3   aa   rynn-ji^ti'  e,i     Figure   I. 

It    is  seen  that  while   the   vplue   of  iM  iiioreasea  -Tith 
.tncre^.se    in  oonoeritrr  t  ion,    1'^  <^eneral,    In  the  :.ii:cturr   as 
In  aerarate   ocxu    luji,    .,i    Lu    icJots    iii  tl".e  raixturc   than  In  seprr- 
ete   solution  of  oaloiiiin  ohlorldc.      This   is  .juat  whp.t  've 
sfcruin  exrieot,    since   there   is   lees  "/ater  present   as   sol- 
vent   Ln  the  mixture   of  calciun  chloride  and   potass  Uun  ol;- 
loride  at  aiiv  p:iven  conoentratiofi  of  the  calo  L\ara  chloride, 
than  there   is  at   the    srme   concentratioii  of   the   sin-'le   sol- 
ution of  calcium  chloride.      I'o^    Li    is   e/Ldent    from  -orev- 
ious  >-»'ork  that  while  the   total  number  of     rajn-moleculea  of 
'.vitor  oonbincd    increases   in  p-emer?".l,    ■'•'th   "H*   increase   In 
concentration,    the  nolecular   hydrptio?!  decreases. '^itl;   in- 
creh;ae    in  concentration.      That    is,    trie  amount   of  uater  \flth 
wlilch   a,  molecule   of  the   cnlciun  chloride   or   the   resultlnr; 
ions   combine,    dcDSiida  '.iron  the  numner   oi   nole'^uaes  of  \fater 
Tjreaent   to  one  nolecule  of  the  cp.loiuja  chloride.      If  now, 
i!istea.d   of   increaaiufr   the  nrunber  of  frrrjT.s  of  salt  '.rith  hy- 
dratin*;  povi-er,    ■nreaent    In  a  fciven  solution,    thuo   diminish- 
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II.  CALCIUM  CHLORIDE  MIXED  VflTK  POTASSIUM  CHLORIDa', 
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FIGURE'  I. 


40 
Li-)f  the  amount   of  '/n.ter,   we   aid  to  the  onloluia  ohlor  Lde   a 
4JUM3tanoe   1  Lke  potaaaLira  'Jhlor  Lde   rjvI  then  mvko  up  to  tho 
for;;.er  volume »    It    Ls  cvldoiit   thrjt,    t;  ere  boLrj'  I033  water 
■nresent,    t;:o  air.ounl    of  water   v.-ith  which   each  inole-rjle   or    ion 
of  ORlciiiin  chloride  will  oomoine  ^•••111  be  dlminiohe-i;    thst   la, 
the   vnluc   of  :.'.     will    bP   dl:nlnished. 

Ill  order   to  coinr^^re  the  difference   tietweeii  the   '-'inoTjnt 
of  Wr-ter  preaent  p-otiuf^  aa   aolvent   toward  ti:e   oaloLiuQ  chlor- 
ide.   In  the   single   solution  and    Ln  the  mixture,    wLth  tlie 
difference   in  the   values  of  U     In  the   two  casea,   we  give 
in  the    followinp-  table,   under   •"'♦j^  q   ^^®  differe)ice   nelween 
the  nuinner   of  ^ir^-^fis  of  v/ater  preaeat   r"3   solveut    in  the 
separate   solution  of  calcium  chloride   and    in  the  mixture 
at   the   respectiy/e   con<3e  itratlons;    u:ader  T^jthe   difference 
in  the  values  of  i.!     for   the   separate   solution  of  the  Cf^l- 
cium  'Chloride  end    in  the  mixture  at   the   sRxie  concentrat- 
ions . 
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Tabic  XVI_. 

0.5  f 

0.7  17 

J .  C  22 

1.1  29 

l.i55  i''8 

1.7bb'<  42 

These  results  are  plotted  in  curves   in  r  l;-ure   II. 

Tor   tlie   first   i'our   concentrs.tiona   t^.e   values  of  r«I 
deorer'Cie   hy  tlie   spr.o   nxnount ,    ^inoe   the   rLiount   of   riotasalum 
■;hloride   added   is    Increased  as   the  calcium  chloride    is   in- 
creased.     Conseiuently,    the   curve    for   the  difference    in  the 
/Mrir-.a  cf  I.;      is   n.wro'AiJzr.xely  -narfllel   to   thp   r.-rii?   of  r\)- 
oOissaa    (concentration).      i;cferrl.iif-  to  Table  ^'?f    Lt  -i.-ill   be 
seentliat  the  difference  bct^rcen  successive  values  of  M  ii- 
r.iinitj]  -s  ^J-ith    innroase    in  conccntrf^tion,    "ni  i  ■•    "LUf/lly   in   the 
r.lxture   oontainiiv   2.7!!  calcluia  chloride   arid  M.r)f'45   il     Jidi 
taaaliua  chloride,   ::     has  the  value  20.9.    The  effect  of  the 
Dotaasiuni  chloride   on   Wc     r.ount   of  ^fater  "itli  which   the 
calcium  chloride   can   comoiue,    is   such  that,    althoupb   tie 
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DTFPER?NCF'  PETy.'FEN  AMOBMT  OF  WATE:;p  PR!L'S?NT  IN  THff  STMGL^'  fOLOTION  OF  CALCIUM 
CHLORIDE  AND  IN  THE"  .MIXTURE  OF  CALCIUM  CHLORTDF  AND  POTASSIUM  CHLORIDF 
.DIFFFRFNCF  BFTVIFFN  VALUFS  OF  M  FOR  CALCIUM  CHIORIDBi  IN  SINGLF  SOLUTION  OF 
CALCIUM  CHLORTDF  AND  IN  MHTUFF  OF  CALCIUM  CHLORIDF  AND  POTASSIUM  CHLORIDF. 
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aajnB.  nnount  of  t)Ot.ausluin  ohlorlde  La  added  to  the  ouocedd- 
Inp  mlxtureii,  the  calolim  ohlorlde  can  liiornaec  Lta  ^fater 
of  liydrrtton  only  slirhtly,  and  by  a  ocniitant  rtlfferenoe, 
with  Increase  In  the  concentration  of  the  calcla-n  chloride 
added.   Conseiu©"tly ,  there  Ls  Increaslnfr  deviation  in  Flp- 
\ire  I  *?et>fe8)i  the  curve  representing  the  value  of  U     for  the 
single  solution  and  that  representing  U      "or  the  r.iixture, 
that  is,  in  Fi/'ure  TI,  the  difference  betv^cen  the  ■/a]ue3  of 
':  for  calcium  chloride  in  the  separate  solution  and  in 
the  mixture  is  approximately  proportional  to  the  difference 
In  the  ajnour.t  of  wp.ter  nresent  actiivr  as  solv^^nt  to^Yard  the 
caloi;ua  chloride  in  the  separate  solution  and  in  th-^  mix- 
ture.  This  is  shown  ny  Curve  II. 

It  must  be  borne  in  mind  that  these  results  are  bas- 
ed on  the  assumption  that  calciuia  chloride  nreaks  dov,'n 
at  once  into  Ca,  CI,  CI,  Also,  th't  the  entire  decrease 
in  conductivity  upon  mixine  is  due  to  re-formation  of  the 
molecules,  whereas,  a  part  of  the  decrease  is  certainly 
due  to  viscosity  an'l  friction  of  the  ionic  spheres,  as 
alreruly  h,ei  it  loned . 

In  Order  to  Ascertain  the  ;:ffoct  unon  the  Hydrates 
Formed,  a  Pair  of  Halts,  'Both  of  Which  Have  Hydratliv^  Pow- 
er, Was  'Text  studied. 

i  or  this  DurT^oae  it  wnc  '-onsLdered  desirP-ble  to  ''..n- 
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veatlj'Bte,    first,    a  '^aao  "here   ooth   the   salts  exaployod 
;:f?ve   a  Irrt'e   hyrlratlrir    non-er,    and  ^rhere   the   hyrlrat  ln=-  pov/- 
er  oi    the   t-7o   3   Its    i-ii  ainf:le   tsolutioii   is  of  the   a-jne 
order  of  magnitude.      Jaloliuii  '^hlorlde  and  riaf-npal'iin  chlor- 
ide  fulfill   these   conditions. 

CALJIUi.1   CIILOMinE. 
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Table  "X.                irfPFATZZ. 

m,  di.                 L,           2^/m.                   L'  . 

0.15  0.077           4..^fl           4.P;^                  4.f'l 

2.?,5  .(J5i5             .39          ft.O()                  5.03 

J.o5  .633           4.2:^           5.  It)                   5.11 

0.^5  .5r8          4.08           5.22                   5.17 

0.G5  .565          3.rG           5.02                  5.53 

0.85  .5'<4          3.85           5 .  C4                  5.83 

1.05  .505           ;').74           G.33                  G.IO 

1.25  .'tSa           3.65           (3.73                  0.50 

1.45  .455           3.55           7.25                  G . OC 

:.:aoiic3I'jm  ciilokide. 

Table  XXI .     FRZsz  :i'o-poii-iT  M.::ASTrRE:i.:::Ts. 

m.  A.                 A/m. 

0.15  0?747                 4.PQ 

0.25  1.30C                5.22 

O.r^B  I.PIO                5.46 

0.45  2.537                5.64 

0 .  65  3 .  854                5  .  r  3 

0.85  5.404                6.36 

1.05  7.181                6.84 

1.26  f'.236                7.3U 

1.45  11.47                7.ri 


u. 

11. 

6.0 

40.2 

8.2 

32.8 

r.7 

27.8 

11.7 

25.  P 

15.7 

24.3 

18. P 

22.3 

21. P 

20 .  r 

24.3 

IP.  5 

27.3 

10.8 

H.rg 


'.''■: 


\\ 


OLi.L 


dp.c 


a<).c 


tiO.I 


J  -•  ■  •  _ 


47 
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Table 

7-XIV. 

I!Y^HIA.T3S. 

m. 

<K. 

L. 

A/n. 

L'. 
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Table    r/\'ll.      VdaT-T-?T0F!.iAL   COFF j^CTIOT^H . 

*Gol.  '"'ofilt. 

25.t34G0        0.77M5        2-^t.  67255 


in. 

p, 

0.3 

CaC  1'^ 

:^ci2 

1 
II 

0.5 

0.5 

GaOlg 

:-feCi2 

II 

0.7 
0.7 

GaOlp 
Mi.-   Clo 

1 

u 

O.S 

o.r 

0a:i2 
:.:fc1o 

1 

II 

1.3 
1.5 

Oa.Clp, 
IJj^Glo 

N 

1.7 
1.7 

CaClo 

i.:cci2 

1 

M 

2.1 
2.1 

CaClo 

:.icci2 

1 

II 

2.5 

2.5 

CaCl2 
i4?Cl2 

1 

2.9 
2.f 

CaCly 

:irci2 

1 

^II..OV"-"^eot  Ion 
^  Per  Cent. 


0.5 


.'^fi.Ot-^M    1. 20015    24.74225     1.0 


2G.45r4    1.80475    24.05465     1,4 


:?6.R453        2.. •2045        24.52485  l.f 


27.G088    3.35175    2' 'r.  25705     3.0 


28.3821    '..."8305    23.^0005    4.0 


2C.10r'r)    5.41435    23.  (',9525    5.2 


21).  8337    6.44555    25.38775     6.5 


30.5280    7.47Gf5    23.35105    8.8 


In  Table   "l^rvill,   n      -   nornpl   concentration  of  canh 
salt    In  the  mixture.       OC  =   iiaaoclatlon  of  each   sn.lt    In  the 
mixture,    as  pLvon   In  Table  X^CVI.      ml.   =   lower In^^  of  freez- 
iiV?--^'Olnt,    calculated   from   formula  jfl.BG  x  2  (A.)  +    l.ofjn 
The  correction  per   cent    iij  cieciuced  on  the  assum-ntion     that 
tlie   t*.To  salts   form  the   sane  hydrates   in  the  mixture  ti.at 
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they  lorn  in  acparnte  solutions.   Upon  this  aacuraption  the 
f'nount  of  water  './hich  each  salt  ^rould  ellrilnpto  from  the 
sphere  of  action  ay  advent  is  cr.lculated  from  the  form- 
ula:— IJOQ  — 1-^«  X  IJOOJ  .   The  values  for  magnesium  chloride 
rnd  calciuia  chloride  are  added  topethor  end  to  this  is  add- 
ed also  the  difference  between  1000  ^rrams  and  the  amount  of 
/ater  actually  present  in  one  liter  as  given  by  the  'rei^ht- 
norrnal  corrections.   This,  then,  is  given  as  a  percentage 
correction  in  colunui  headed  Correction  Per  Cent.   The  value 
nL  is  dlvilod  by  this  per  cent,  and  the  result  [^iver.  under 

Table  y^lCJill. 

Correction    /^  . 
Per  Cent 


m.           P. 

m^. 

Oi. 

mL. 

0.3   GaClg   - 

0.3     I:]>Cl2      " 

0 .  ir. 

.636 
.664 

0?634 
0.650 

0.5   CaClp   1 
0.5  LIgCl.5    " 

0.25 

.58P 
.606 

1.012 
1 .  0127 

78.0 
68.0 


0?803 
0.82'o 

1 .  488 
1.010 


0.7  CaClj,  1  .558  1.:'.78  ,„  „  2. (545 

0.7  MKClo  "  ^'^^  .540  1.360  ^"^'^  2.025 

O.V   QS.GI2    1  y  .,.  .510  1.690  ^,  ^  ?.2r8 

1.3  CaOlo  1  .454  2.3C  „„^  5.rrR 

1.3IfeCl2''?.  ^'^'^  .460  2.3-1  '^^-^  6.035 

1.7  CaClo  J  0  0,5  .406  2.R65  .,,  ^  11.13 

i.7:urci..  "  ^-^-^  .r.ro  2.032  '^"'6  11.00 

2.1   CaClj^   1  ,  .;',r>7  5.34C  ,,    ^  22.85 

2.1   ?,lpCl.>    "  --^'^  .;^;^6  3.264  ^'^-^  22. 2r 

Evidently  the  sum  of  the   values  of  A  for  calcium  ch- 
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52 
lorllQ  Gill  :Jacne3iuin  chloride,  aa  thus  found,  should  eq- 
ual tho  lowerii\^  found  experiment  ally  for  the  nLxiure  in 
'lueation.   These  v^auea  nre   placed  side  by  aide,  for  cor.- 
nariaon,  in 

Table  :iXIX. 

^■'  P-   '^0-    A  f calculated)  ^(Zx^,)'^^^^- 


0.3 

0.3 

CaClo 

i-eci2 

11 

0.15 
II 

0.5 

CaClo 

1 

0 .  25 

0.5 

Mf-rC  lo 

II 

II 

0.7 
0.7 

CaClo 
IJfrCla 

1 
II 

0.35 
II 

0.?' 

CaClo 

T^ 

0.45 

o.s? 

1,1^01  o 

ll 

It 

l.i? 

CaClq 

1 

0.G5 

1.3 

Iv&'Glc, 

II 

II 

1.7 
1.7 

JaCl<) 

1 
■1 

0 .  85 

M 

2.1 

CaClo 

1 

1.05 

2.1 

LI^Clo 

II 

II 

1?(;20 

1.55^. 

0.073 

2.  roe 

2.704 

0.2P4 

4.C70 

4.05?; 

0.(517 

G.69Z 

5 .  543 

1.147 

12.033 

r.320 

2.713 

22.13 

i;'..5 

8.029 

45.14  ir.5    25.(34 

It  is  unnecessary  to  extend  these  calculations  to  the 
reinaLning  more  concentrr'ted  mixtures,  since  it  is  evident 
thp.t  the  differewces  between  the  values  cal(juln.ted  on  the 
nasis  thp.t  the  two  salts  form  the  same  hydrates  In  separate 
solutions  th.r.t  they  form  in  the  mixtures,  and  the  values 
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for  Zj  obtained  oxrorlnontp.lly,  become  iiioreaaiiirly  larfre 
with  increase  i)i  conce>'.lration.   It  ia  farther  evident  that 
the  hypothe3i3  is  untenable  fron  the  fact  that  it  u'ould 
call  for  the  elirainatlon  of  P44  prajna  of  water  "oer  liter 
of  solntion  in  the  case  of  tlie  IJ.C  TT  nixtnre  of  the  P'-ovn 
salts,  and  for  2047  r^rcjcis   elininated  froin  the  aphere  of  act- 
ion as  solvent  iii  the  case  of  the  2,9   M  nixture. 

At  the  TuOnieiit  of  r.ixing  the  twp  solutions,  each  salt  is 
prcvcJited  fron  forniiif^  the  hydrate  v'hich  it  ordinarily  forns 
in  separate  solution,  by  the  ?)j:aount  of  water  ^hich  hhs  been 
eliminated  from  the  sphere  of  action  as  solvent  in  the  for- 
mation of  the  hydrate  of  the  other  component  of  the  mixture. 
Consequently,  for  the  more  dilute  solutions  at  least,  the  hi'- 
drates  formed  by  a  salt  in  separa.te  solution  shonli  be  re- 
lated to  the  hydrates  formed  oy  the  same  s'lt  in  the  mix- 
ture at  correspond iiv^  concentrations,  as  the  pmount  of  water 
present  as  solvent  i)i  the  3inf;le  solutioji  La  to  the  amount 
present  ns  solvent  in  the  mixture.   That  is,  talcin^^  calcium 
chloride  and  ras/'nesium  chloride,  O.ir.  V,   solntionr;  of  each, 
referrinr  to  Tables  XX  and  >:XIV,  if  x  represent  a  the  un- 
knovrn  vplue  of  M  in  the  nlxtiire;   for  calcium  chloride, 
CO  :  X  ::  1000  :  arv.   r.O  is  the  value  of  M  for  0.15  IT 
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calcium  chloride  in  separate  aolut.  ion,  find  tliia  has  been 
corrooted  to  1000  prnjas  of  solvent.   The  fi-^Tare  Hf-7  is  fovaid 
hy  dubtrno^tiiY'  from  1000  the  muibcr  of  fr-rnjna  of  water  with 
which  the  magnesium  '.^hlorido  oonbinea  when  it  forna  the  hy- 
drate indicated  for  tha  concentration  in  lueation  in  Table 
X:(r/,  plus  the  difference  b,-)t'.feen  the  axaount  of   -./ater  ureo- 
ent  in  the  solution  and  1000  p-rnxus  as  frivon  by  the  vreip-ht- 
norniPl  correction. 

ilavinp;  thus  obtained  the  values  of  I,;  for  the  salts 
in  the  nixture,  it  is  -nossible  to  solve  for  L'  from  the 


equation  ^^  _  iqoo -[l.x  lOOC^ 


^'/■here  L  represents  the 
IB- 
theoretical  lo-trerinf;-  foujid  for  the  salt  by  calculatiii;'^  it 
from  the  value  of  o(  which  has  been  determined  for  the  ruix- 
tnre  in  question.   This  /slue  of  L'  r:uot  then  be  corrected, 
i))  order  vo  obtain  the  value  aa  it  'vould  be  observed,  by  di- 
viding it  by  the  proper  per  cent.   This  percentage  correct- 
ion is  found  by  dL-duciiiP  the  number  of  ^rrams  of  water  el:ijain- 
ated  as  vvater  of  hydration  by  the  other  salt  in  the  mix- 
ture, bpsiiig  the  calculation  ipon  the  value  of  '.:  worked  out 
for  the  mixture.   To  this  mu.t  be  aided  the  percentage  cor- 
rection which  the  we i^-ht -normal  correction  has  {^iven. 
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The   aura  of  theae  values   :or   L'    for  the   two   s'-'lta    In 
the  mixture   3}iould   then  be   eiual   to  L\  ^.s,   found   exper Lrneiit- 
ally   for   the  mixture,    rrovlficd  this   hyBOth+^aia   ts   '^orrc^t. 
In  tjie  follov/Ln£-   toble   the   v.-ilues   inua   ODtalued  pre  pi.'^^'n. 
M^r  the  value    "or  'J  deduoed   from  the  proDortion. 
L,',     =    "        "  "      L*    oaloul^'ted  ut^ou  this   vr>..l\iQ  of  :.I. 

L,',*^   **=        *  "      L' ,   -Yitri  proper  r>er';enta<ve   (iorreotlon. 

ovun  -   the  aum  of  ir.oae   two  v?3.1uea  for  L^^o'*   multiplied 
by  the   normality  of  the   aolutlon. 

/\     =   t/ie   lower iiifr;   found  experimentally   for   the   oame  mix- 
ture. 

T}ie  other   aymbola   enployed  have   the  uaual   alpinifloance. 
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Wltl^out  further  extend Irv  thi.s  mnthoa  of  o-vlonlrtion 
It  la  evident  'hat  It  does  not  ^Ivo  tiie  true  value  o:  ir.z 
hydrates  lornccl,  a.ncl  that  the  hy:lr.-.tlnp;  Tjovrcr  is  Irrper 
for  the  more  '.'onccr.trD.ted  T.lxturcG  l/'^^n  •m':ili  ho  lii'lloRtod 
hy  the  proT?ortloiis  fiven  above. 

This  is  'uot  -'hfit  ve  should  expect,  lor  with  lnorea.3- 
liip  hydration  we  do  not  liave  the  proceaa  of  lose;  of  water 
from  the  hydrates  formed  in  sepp-rnto  solution  coiivr  on  to 
the  end  In  the  mixture,  but  Inaterd  we  have,  -ecessarlly, 
a  condition  of  equilibrium  hetureen  the  hydratliv~  powers  of 
the  two  salts.   Also,  as  o  direot  result,  the  ajnount  of 
water  thus  left  unoomblned  affects  the  final  composition 
of  the  hiydrates,  as  alrea.dy  iudlcpted. 

This  conditio}!  of  ciullibrium  is  not  represented  by 
the  proportions  fiven  above,  since  the  ejnount  of  •.fater 
playii\^  the  -part  of  colvcnt  is  not  that  indicated  bjr  thaae 
proportion J. 

If  «.'e  consider  that  the  values  of  1.1     for  calciiom  oh- 
loride  and  for  raa^Jh-cium  chloride  in  separate  solutions, 
since  their  hydratiiv;  po'vera  are  nearly  equrl,  represent 
the  relative  hydratln^'-  powers  under  the  snr.e  conditions 
'.or  the  two  salts,  st  that  concent r;:t ion  correspondin/r  to 
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50 
rjiy  ■cD.-lr  of  values  of  M,    then   It    heooraoy  •noasiblo   to  calcu- 
late  the   approx-ljnate   conr»oattlon  of   \i.e  l-.yriratea   of  oalolTun 
chloride   and  r.n^neuium  ohlorldo   in  the  r.ixturc,    for,    aoleot- 
liV  for  exaiiiple  the  mixture  consist inf^  of  1  nart  of  1.7  N 
calcivun  chloride   r.nd   1   part   of   1.7  V  rii'i^';neaiura  chloride, 

then:- 

Let  X  equal  the  nvunber   of  rrams  of  ".rater   el.iniliiated   in 

forriPtioj)  of  the  h^'drate  of  oaloi'irc  chloride  whioh  oocura   in 

ihe  mixture   i}i    luestion.      If  the   hydrates  of  ori.loiiun  chloride 

a.nd  nn^3iosium  chloride    in  the  mixture   ;vre  related   as   they 

are   in  separate   solutions,    the:'  will   be   to  each   other   as 

in.r    :    ^1.7    (see   Tables  TA  and  T-XIV)  ,    hence, 

on  7 

-T^x  -  t:-r>  number  of  f:rams  of  vtsXer  eliminated   in  formation 

of  hydrate  of  mPiriiesium  cliloride    in  the  mixture . 

i'rorn  frojnulr-.,        =   IJOO  —jj-^    x   lOOol  i^e   have. 
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(1)   x  =  1000  -  "'''[''•,  -ri.ere  r',.,'?71  Ls  the  lovrerinp  found  for 

0.85  !I  cslciun  chloride  by  calculation  from  the  value  of  cK 
plven  iji  Table  XT/I,  and  L^!,,,^  =  the  lo^Teriiif'  observed  for  cal- 
c Lun  chloride  corrected  properly  for  Tater  lacking  from  1000 
t.:rar.3,  and  multiplied  by  xn. 

olmilarly,  ^  x  -   1000  -  ii^.         (2) 
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Lot   lA=   unserved   ioAToriiv   -.lue   to  m«3f-neBiu;a  ohlorido. 
Tlicn,    1S?5  —  Lfl,=  Ob  served   lo'-rertiv:  duo  to  calolun  ohlorllo, 
(vbl.    TPole  •CT.M. 

Then,    L!,-    a:',.x  0.85)  ^  (^-^1^  "   j^^  '  ^^^ 

where  0.85    i::  the  norr.p,lity  In  ^ue3tion,   and  the   aecond  v^.r~ 
enthecis   is  the  ni?ocs:r.r"  roroentrjj'c   correction,    based  upon 
the  value   of  X  r.ni   the   aorrcctlon  pivcn   Ir.  Table  X:^/II. 

Similarly,    15.5-  L^^   =    (L^^     x  0.H5)  u.  '1-  fjfr -_i,).  (-^ 

From  eT.:rlioii    fl),      Lia-      -'g?!        .       ^^5) 

1000  —   X 

"  "  fa),     L.'.  -     ^^^2 .        (6) 

'■'f^      1.000-1. 1'lBx 

31in>inatinp;  Li.  'oy  combin.tni?  equat ions ^'0 and (d)  rnd  then  sud- 

stitutin^'  the  values  of  L^^^^aiid  L.'j^  from  (5)    and  (G)  ,  it 

becoraes  possible  to  solve  for  x.  jiy   this  method  the  values 

of  :.:  for  oaloi^or.  '^hloride  and  nif^/nesiun  chloride  in  this 

mixture  arc  found  to  be  17.1  and  IT.G,  respectively. 

:ay  the  sbove  method  the  values  of  I.'  for  the  mixtures 

between  O.P  '■'  ^nd  !^.r  II  have  bee)i  derived,  ;Mid  are  Riven  in 

the  follov/inp:  table,  under  I.;^.   The  aubreviations  at  the 

top  of  epoh  colum)!  hpve  the  usual  sirtiif io?mce ,  the  suffix  c 

indioatin-  +"'-t  tlie  values  n.re  for  the  salt  in  the  mixture. 
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«  "        MIXSD  WITH  CALCIUM  CHLOBIDB. 

CALCIUM  CHLORIDB:  ALONE. 

«  "        MIXED  WITH  MAGMFSIUy  CHLORIDE!, 


rvf'twf  wTtt.  rHotwrraiwi,  •mtv  cociroc.  ooiKitLL  uhivimitt. 


1  J         1.5 

GRAil-MOLE'CULES  OF  SALT  PF.R  LITF^P  OF  SOLUTION, 
PIGDRH!  III. 


Gl 

ior   the   unko  of  oomp^.r iaoa  the   vj'.lue:^  of  '.'     f^ro  plox,- 
tod  as  ourvea   for  of.loiurri  ohlorido   fuid  mn^ncultJin  chloride    In 
ser)p^rf^te   colutloiis  p/^iainat   conccutrrtlon,  ^aa   njsla  of  ntiaolsaas). 
'Tnon  the   aT'ne   sheet   rre   drawi-;  ali.iilar  curves   ior   the  vnlues 
of  I,;     In  the  mixture. 

TTT)On  comprriiif:  ourve   I,    the  hydration   of  larirr.oaiun 
chloride   Rlone,   '.Ttth  our^/c   IV,    the  hydration  of  the  caloiuiri 
chloride    In  the  mixture,    it  v/ill   be   seen  that   "rhere   I   rises 
J}^  falls,    ?nd  vice  versa.      This   is  exactly  rhat   v.'e   should  ex- 
pect,   siiice   ?ui  increase    in  the  hydrr.tinf  t)Ovrer   of  raa^-^esluin 
chloride   shoul-l   result    in  a  correspoTidUic:  decrease   in  the 
cjEOur.t   of  '.rater  vfith  '.'hich  the  calciiom  chloride  v/ould   be 
able   to  conblne    in  the  r.ix'.ure,   unless  a  correspondinf^   In- 
crease  in  the  h-^rdratiiy-  po'Ter  of  the  cs.lcliun  chloride   in 
aep^r'te   solution   chould   r-.lso  ocfur.      iV^ain,    00TnT)rrtnp  curves 
I   i'n<X   II,    <■■">.   j.ix   ^-u".   IV,    the  rv^r;.  .0:3    ^.n   separate   solution 
and   in  the  mixture   rre  of  the    saj.ie  general   order  of  nc::^^ii- 
tude,    excfl-nt   -rhere   the  presence   of  th.e   one   salt    in  the  iiix- 
ture   altera   tlie    composition  of  the  h^drrtc    formed   by  the 
other. 

It  ;ro^  ThoUf-ht  Desirable   to   Oocpare  the    Effect   of  rj 
3a.lt    -ith   less  Iiydrf3tinc  Power   :.:ixed   .Tith  One   01    Orc-'-Lcr  lly- 
dratinf-  Po'vor. 

for   this  purpose  opjciuc.  chloride     and  strontium  chlcr 
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Ide  -^ere   selected,    the  hydratiur  po\/cr   of   atror.tliiin  cliloride 
beliv-'   aone-./h   t    loos   than  thr.t   of  oaloluin  ohloride. 

The  data  for   the   aeparr-.te   solut  lona  of  oalot'oin  ohloride 
has  alrordy  been  p-lveu.    Tlirt   of   atroitiuin  cl;lorlde    folloua. 
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Tabic  XIGT/.                    IIYlTiATES . 

ni .  Oi.                 L .  A/ia .  L  • . 
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0.25  .705          4.48  5.00  4.97 
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in::TTJF,E  of   CALCIUMj.;OIILOKni:'-!   Aim   13TP.0NTFJM   JI!LO^-^IT).:. 

Table  :ccn^i .     i'i'.^j'^ina-poriT  i.r]AmT?2:  HiiTTf?. 
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i  i2.rj>4 

J  ifi.ar 
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1.7    3rGlo 
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i/i.          P.                      W,.   ,  W^,   -,  W,.   ^  Correction 

ijol.  bait.  lioO.    t)^^  o^,  . 

rf        Fer   CeiiL. 
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For  the   301:0  of   ooinpariGOii,    the   lo'./eriivro   of  the   freoz- 
inf^-point  ^fhlch  vould  be  obtained  for  the  nlxture  of  cal- 
c.liin  chloride   ?iid   strontiiun  chloride   n.rc  r:iveii   in  Table 
}[X?IIX,    iiaaiiit:  laeEi  upon   the   svne  ncthod  of  oaloul.-ition  fis 
that  already  niven  in  detail  for  Table  :C'Oi.      The   ayiiibola 
used  hnve  the    sr-ine   si^rntflcance    in  the  two  tahje^. 

It   -'ill   be  noted   that    in  Table  .'CLXIX,    ae;ain,    a3   in  the 
case  of  the  mixture  of  oalciioTi  chloride  ai^id  ine^nesiiim  chlor- 
ide,   the   difference   betrreen  the   lOAverin^^  rs   calculated  upon 
the  hypoth.esis  that   :or   the  norc  dilute   solutions  at   least, 
the  hydrates  forned  by  a  salt   in  scpars,te  solution  ?\re   re- 
lated to   the  hydrates   forced   hy  the   anjne   a? It    in  the  mixture 
at   correspond in^:'  concentrations,    as   the  piriount   of  v/r^ter  pres- 
ent  as   solvent   in   the  mixture —   the   difference   between  this 
ajid  the   lo'.Terinr   fouiid  experimentally,    becomes   increasingly 
large.      This  has  already  '3cen  discuijsed   in  the  preceding  case, 
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Thd  method  ol   'jaloulatinp  the  ooin-positioii  of  the  hy- 
drates exl^tiiif:  la  a  nixture  of  tv.'o  dalta  v^Lth  f'houl  the  aajne 
hi'drr-tinf;  pov^er,  such  as  o.?loluxa  chloride  a.nd  ma^n  aiurn  oli- 
ioride,  Wc'-c  br.sed  upon  the  assuM-nt Ion  tli'?t  the  values  of  IJ 
ii]  \.heir  aeparett)  oolutiona  reprooc.it  tlie  relative  hydratinp 
fO'.Ters  \iuier  the  saxie  conditions  ior  the  two  salts  In  their 
nixtnrcc;.   While  this  applies  ''l-ere  the  hydrates  formed  jere 
of  approximately  the  same  de.f^rec  ot   oonplexity,  it  would  in- 
volve an  error  in  the  case  of  tv/o  salts  of  very  differing 
rydr?3tin£r  r^o-Ters,   ior,  if  th?  -novrer  of  forming-  hydrates, 
i.e.  01'  eliminating  water  from  the  sphere  of  r.otio--.  aa  ad- 
vent, differs;  then,  when  two  auch  aubstanoea  are  mixed,  if 
a  doorcaae  in  the  fyno^nt  of  water  ollninated  from  the  aphere 
01  action  as  solvent  occurs,  this  decrease  i.'aist  be  as3.it.'r'ed 
to  the  two  salts  ijivorscly  as  their  values  of  .J  in  separate 
solutions.   This  follows  from  p   consideration  of  the  fpct 
that  the  salt  '■^ith  j':reRter  hyciratirc  power  ^'111  have,  co]ise- 
quently,  greater  power  of  dehydratiiVT  the  salt  v^ith  leaser 
Lydratinc  po*>«er.   Therefore,  the  sp.lt  ^rhlch  has  less  nowcr  to 
unite  vrith  water  uiast  suffer  the  i-reater  loss  in  '^Mtcr  of 
hydration  in  the  presence  of  tlie  salt  with  stronger  hydrat- 
inr  ^c--'er. 

Upon  this  assiur.ption  the  followinr  r.ethod  of  caloulat- 
Inp  tlie  approximate  compos  it  Lon  of  the  hydrates  in  such  a 
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69 
.•nlxturc^   hn,3  been  worked   out.      TrJ-.e   the  crao  of  the  nlxture 
oonslstiiif  of  oite   volxucny  of  0.3  1^'  atroiitium  ohloricle   <.tid  one 
volur.e   of  0,Z  ^J  oaloium  'Jhlorldc:- 

Let   X  e^url   the   totol  decrease    in  the   mjjrih.^r   c -^  '■•^rjns 
of  ^P-tor  elimin&.tei   froin  the   jphere  of  pctioii  as  aoiveut,    In 
the  mixture,   as  oomparod  '/ith  thr.t   eliminated  in  the  separate 
aolul louo. 

Then  -^  x  =   the   dlr.inution  In  the  number  of  prnms  of 
iTater  eliminated  by  the  calciuia  chloride,   euid 

~  X  =  the  dimiiiution   in  the  iitunber  of  f^rams  of  wa.ter  ellnin- 
cp  - 

ated  by  the  titrontium  chloride    (see  Tables  XX  said  IQCKV  for  tliB 

yaluea  of  U   in  separate  solutions) . 

108.5  p-rujfla  of  water  were  eliminated   by  the  oaloiuri  chloride 

as  vmter  of  hydration  in  the  0.15  li  separcite   aolutlon  of  that 

aait.    (Gee   Table:  7")  .      70.5  frrama  '-^erc   eliriinated  by  the 

atrontliora  oh.loride.    (3ee  Table  Y-'C^I)  .      Therefore, 

108.5 -0.;')rx  s   1000—   ft'-'"    ,      fi)  and 
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70. 5  -   0.(il   X   =    1000  -  ^ii^^.       (2) 


^  C'A^-.b  +    J.Glx 

Let   L-j   -   o'ozoTVQd   lorrer'.i^c   lor  calcium  chloride    in  the  mix- 
ture,   then, 

tA        4186   X   0.16         -4-     i:-3.'^..5    +  O.'Jlx    .       ,„\    ^„^ 

l.BO-'S^   L'         44(:1   X  0.15  884. 5    -h  O.'M-A  /,n 

'^      r?.r.5  -f  o.rix  1000 


fi-?/fr"-fr<^        -*-/k*  mrr      ^.^ 


:o  Cl- 


io tavl^T'  e.^ 


.O  —  'J  .   "  L  i 


fjflt? 


("» 


.,1.1 


70 

COEioliiiiv   eiU8.tlO)i3    (;')    rjid    (  v)  ^ 

-    ^,.,.  Aiec   X   0,15 ,  44(:i   X   0.15 . 

i.uu.    =  ,joo  ^  o.po'x  -/- .oooar.vrx^"*"  6:i:]  +  o.v'o'Ax-h  o.coo^i<v/(x-^ 
FroM  tMa   equp.tton  tho   PToproxinate   vr.lue   of  x  caii  be   ohtalned  . 
The  vp.luesof  M  aaid  H   for   the  mixture   of  oalcium  chloride 
end   strcnt.LuK  chloride,    thuis  obtB.lned,    are  given  in  Table  XL. 
The   synb'los  have  the  usual   slpnificrjicc. 
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i'or  the  sni-:c  oi  oomparLsou,  tlie  val^acj  of  '..'.   for  the  separate 
aolutiona  of  calcium  chloride  and  atrontiiun  chloride,  ajid 
those  i}T  the  r.lxture  of  the  two  salts,  have  been  plotted  i2i 
curve u  in  i  Lfnire  IV. 

V.'e  find  that  the  results  expressed  in  Flpare  IV  are  of 
the  QPJT.o  character  as  ihose  ohom-i  in  .  i^nare  III,  for  the 
fixture  of  calciuiii  chloride  ^j'd  nif-'^^neaiuia  chloride.   The  curve 
of  hydratior.  of  each  seJt  in  the  mixture  is  parallel  to  the 
curve  of  its  hydratio}i  in  the  sliifile  solution, except  where 
larpe  values  r-B  shown  in  Curve  I,  for  calcium  ol:loride 
?lone,  have  produced  a  corresponding-  lessenin^r  in  the  rxiount 
of  water-  which  the  strontium  cnloride  has  been  able  to  unite 
iTith,in  the  mixture,  at  a  normality  of  0,15  to  O.r-D.   An  in- 
crease in  the  hydratlng  povfer  of  the  calcium  chloride  mu  st 
nececaarily  he   pccompajiled  by  a  correapondii;^;  decrease  in 
the  complexity  of  the  hydrates  of  strontium  chloride. 
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In  orier  to  corapare  the  'liffereuoe   in  the  tunount  of 
water  preaent   aa   solvent   In     the    sln^^le   tiolution,    aid   In  the 
j.ilxture  -.-Ith  the  differenoo   in  the   value  of  :.:   in  the   t\;o 
caaea;    tlicse  values  s.re   ta^bthlHted.   1">jt  q   1^  '^^"'^  diffcronce 
in  the  anount  of  ^7ater  preseiit   as  uolvent'  in  the  separate 
solution  HJid   in  the  Mixture.      It    is   found   for  a  driven  yt-lt   by 
adding  to   the  number  of  ^rarns  of  crater   eliminated  as  water  of 
hydration  by  tl-^e  other   salt    Ln  t]ie  mixture,   the  difference 
between  tlie  correction  to  we if^ht -normal   dtandard   in  tlio  ca.se 
of  the   separate   solution  of  the   sr^.l!    In  question,    ajid   in  the 
mixture.      Df»     is  the  difference  bet-reen  the  value     of  !'  in  th 
slnrle   solution  rjid   in  the  raixture. 

Table   "LI.    CALCITTIJ   CIILOEIti-;^   HT  Til2  I.'IXTTJPn:   OF   CALCITU:   .IKLOK- 
IDE  AlTD   STROTTTITTT,!  GHLOEini:. 

IlgO.  M. 

0.15  40  o.r 

O.tiS  81  O.C 

O.J55  127  0.4 

0.45  liy,i  0.6 

0.C5  226  0.6 

J. en  29U  O.G 

1.05  '659  0.4 
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Table  XLii.  oTro!!Tiui^  ciii OFiTv:  iiT  i,:i::TTn'ii;  Of  cAj.jin.M  j:!j.jr- 


i.n 

1.3 
O.G 
0.7 
0.8 
0.7 


These  values  are  plotted   in  curves   In  PltTures  V  (Uvl  VI. 
The   'joncentrations   are  the  abscissas,    and   for   curve   I   the 
?-;rrjns  of  •rr'ter  are  trken   for  ordinh'tes.      In  curve  II  grfira-uol- 
ecules  of  rrater  fore  the  ordinates. 
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diffb;ff'NCF;  B^'n'^m  y;atf;r  pri^ffint  as  solvent  in  stngl?  solution  of  strontiu: 

CHLOFIDF  AND  IN  MIXTUR^i'  OF  CALCIUM  CHLORIDF  AND  STRONTIUM  CHLOHIDt. 
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It   is  readily  aecn  fron  a  ooinparloon  of  the  <t\ivvcs, 
tliat   tt:3   dccrecco   in  the  ;  inount   of  ue.ter  present   ao   aclveiit 
in  the  ni:cturc,    iu  not  n.ocon-nnrileci   by  a  oorreapondln^:  deorease 
in  the  valucc  of  L'.      Kere   nfaln,    as   in  the   case   of  the  r.lx- 
tiir©  of  calciiaia  chloride  and  potaaaiijm  chloride,   tlie  differ- 
ence  in  the   va.lues   of  1.1   ia  nearly  oojiiita.nt ,    beoHuae   the   oon- 
oentration  of   i3cth   oalto  present    in  the  mixture   ia   increased 
at  the   aeiiie  rate.      Slirht  ohajigos  night  be  rnaaiifest   if  the 
ions   f^nd  noleculcc  have   difl'ereJit   hydrctii^:  riO'Ters,    as   seems 
Vi^ry  T)robable.    Then  a  decrease   in  the   number   of  inns  and  a 
correspond in^jly  large   increase   in  the  niombor  of  moleOTJles  of 
dissolved   substance  present,    such  as  necessarily  occurs  oaring 
to   suppression  of  the   iouiaation  in  the  mixture,   would  be   ac- 
companied by  a  chanfce  in  tlio  number  of  f^rnms  of  crater  com- 
bined.     That   this  pltXj/s   a  part    in  the   chai%'-e  noted   seens  very 
probable. 

Ir'or  purDOses  of  comparison  these  sRJTie  values  ;?re  fiven 
for  a  fe\f  concoiTtrationa  in  the  case  of  calcium  chloride  and 
msf^nesiian  chloride.      The  nhenomcna  arc.  of  the  saiae  kind. 

Table  ::liii.  calcitt:.:  ciiLORin^  IN  cALcrri:  jHLOF'ip':  A^7>  !.:ac- 
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The   VDlnea  of  :,:      In  3  Liv  le    ;:olnt  Ion  wid  iu   the  r.^.x- 
ture»    for  nnfneaturi  nltrn.to   rind   atrontiiain  nltr^'te,    have   been 
plotted  In  onrvoo    ..     .  x^^mtc  ""T"    .      The  phcnoceriC.  rre,    In 
general,    the   sajne  aa  those  already  pointed     out    In  preooil- 
Inr  cases.        Curve   iv  deviates   frora   "^urv^e   III  ^7lth    Increasliv^ 
oonce.itratlon,    shov/lnf^   the  olfeot   of  the   larre    Increase    In 
the   vplue   of  :.!;     for  nagneslum  Jiltrrte  'vLth    liicrcasln^^  conccr- 
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drat  Ion  by  the   strou^xTii^  ::ltrate.      The   atront  Lun:  nitrr^te 
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MAIBNeSIlTM  NITRATF:  ALD!^E. 
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"  "        MIXEiD  WITH  MA3)NESIUM  NITRATF. 
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FIGURE  VII. 
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We  J  rve  here,  r>ua.ln,  n.  '.mlforn  deores.se  'i\   the  rinniTyt 
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tie  hydration  '.fith  increase  in  oonoentratioju   The  nurveo 
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Ciirvc?    CI,    represent ln/7  the  value   of  M   in  the  mixture 
of  j.lthlTun  bron.lde   rnrt   sodiuir,   sro;r.idc,    orossea  curve   I,    tlr^ 
value  of  M  for  llthiun  bromide   in  siii^:le   solution.      The   3Bjne 
T;her.or.euon  T?rcsent3   itself   in  the   c?.ae   of   sodi'Jin  broraide,    at 
r   soneThrt   c::reater  conooiitration.      I)i  'i'i  *^-'  ^1  L^^r  T^-.rt   of  this 
paper    It  waa   sut'iceated  thp.t   the  hylratiii^  power   of  the    ions 
alone,   rind  of  these    i0!i3  ^hen  oorabiued   to   form  rr.oleoulea, 
v;ould  probably  be   different.      If,    now,    tl'.-    ]iyrir?.:,tnf.-  -nower   of 
the   lithi'on  broiaide   ^)\d  the   codium  bromide  moleoulea   is  great- 
er th"n  that   of  the  respective    iojis,    v^e  mirht   expect   tiir-t   the 
effect   cf  the   smaller   amount   of  ^vater  present   as   solvent    in 
the  mixture  vrould  be  overcom.e  by  the  greater  hydrating  power 
of  the  undisGOCifted  molecules.      Evidently,    for   this   increas- 
ed hydrating  po'.'er   o.f  the  moleoiles  over   the   ions  to   shoi? 
itself  in  the  resulting  curve,    the  other  scilt  In  tlie  nixtiire 
must   have   little   hydratin;^  porer,    and  a  aonparati^oly   smiall 
molecular  ^re ipht ,    :or   ii'  the  molecular  \7eight    irj   large,    so 
miacii  solvent  will  he    displaced  when  the   solutions  are  r.o.de  up 
volume  -.lormal,    that   the  decreased   rmount   cf   solvent  -Till  on- 
scare   any  change    in  hydrr-.tion  due   to  other   causes.    Also, 
the  difference    in  the  hydrating  po'.^er  of  the   iojis  and  nolecui- 
63   shouli   be  considerable,    in  order   to  o/ercorae   the   effect 
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o.r  deorea,se    in  ^vuounc   oT   aol/ejii.    ..-■»  ..^.n    :r;i.  i,,,-.>.^MHe    ■'•   ^^'^^^- 
ceatrat Lon. 

The   iifferanoe  between  tlio   owount  oi'  vfiiloT  a.otJ.ng-  as 

solvent   tOTarls   enoh   sr.^..,     ...\  I  lie  mixture  rind  in  ainglo   tjol- 

ut  Lou,    ;:^id  tlie  dilTercnces  between  the   Vfilues  of  I.T  In   oho 
Gjuae  cfiiied  are  given  in  the   follo'Tin:'  t^^blea.      A  ne£-?!.tive 

Vfiiue   of  ^   for  I:   indloe.tes   thn.t   the  irjir.ber   of  ^yrpjtis  of    '-  ter 

eliminated  by  8.  sclt    in  a  mixture   lo  greater,  instead   of  leas 
than  in   ain/;le   solution. 

Trbie  l:c:i.  LirKiTH.;  lfoiiiti:  xi-:  :,:i'-ttif  ^  of  iini:^T_.:  jpo:.:i'^ij 
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The:£e  values  are  plotted   In  curves   In  Flfnares  Vl  atid 
::il.      The    fact   that   the   curves   show  positive   values  of  ^\j 
has   rlrepxLy  beer,  cx'olaiiiod  as  probably  di'.e   to   the   increased 
hydrf^tinf:  power   of  the  noleciile   over   Its   ions,    so  that 
when  sufficient   dri\;lnp;  back   in  dissociation  occurs  re   -.'ould 
rjet   rji  increased   niaount   of  water   eliminated  •  o    vr-^ter   of    h;r- 
dration.      Th'-t    this  difference    is  nearly  const;uit    is  to  be 
expected,    since   'i^orreapondinp  additions   of   sodimn  bromide   a.nd 
litliiuia  bromide   are   ilvrfiys  uf^de,    in  chHj^,t;o   ^:.    concciitration. 
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Dim.RPlNCF  P&TY.'^i'N  THE  AMOUNT  OF  T.'ATPR  PRH'SF'NT  A?  ROLVFNT  IN  THE  SINGLE'  SOLUT- 
ION OF  LITHIUM  BROMIDE  AND  IN  THE  MIXTURE  OF  LITHIUM  BROMIDE  AND  SODIUM  BROl'TDE 
DIFFERENCE  BB:Ty(EFN  THE  VALUES  OF  M  FOR  LITHIUM  BROMIDE  IN  SINGLE  SOLUTION  AND  I 
THE  MIXTURE  OF  LITHIUM  BROMIDE  AND  SODIUM  BROMIDE. 
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GRAM  MOLECULES  OF  SALT  PER  LITER  OF  SOLUTION. 

FIGURE  XI. 


DIPFF^Kr^'fJCF'  PFTV'FFN.THF  AMOUNT  OP  'HmV  PRP^Sl'iNT  A?  SCLVBiNT  IN  THE  SINGLF  SOL- 
UTION OF  SODIUM  BROMIDH;  AND  IN  THR'  MIXTURE'  OF  SODIUI/.  BROMIDE  AND  LITFIUM  BRO- 
MIDE 

DIPFFRFNCF  BFTViFE'l  THF  VALUE?  OF  M  FOR  SODIUM  BROMTDF  IN  SINGLF  SOLUTION  AND 
IN  THF  MIXTURE  OF  SODIUM  BROMIDE  AND  LITHIUM  BROMIDE. 
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We  next  consider  a  Mixture  of  Calciun  T'ltrate  a.nd  ;.:ag- 
neGiio^v.  TUtrate,  Both  of  which  Have  Ilydratliig  Power. 

CALJITIM  HITRA.T'=]. 
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Table  LXXV.  w::iSHT-I10K;.L\L  CQPRECTIONS . 
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Table   L:<:rLX.    W5IGHT-II0R::AL   COrPZCTIONS. 
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The  values  of  M  .for  npj-.h   salt  In  the  mixture  ajid  in 
sopar-t.^  r,--,!--,'   [on  are  plotted  In  curves  in  I'lg^ire  XIII. 
With  increased  concontration  we  have  ii^'^r      diverpenoe  In 
curves  I  aj;l  III  vrhicr.  represent  the  hydratin^-;  power (  values 
of  IJ)  In  Gt^-^' rate  GOlut  ions  of  LiE^cnoisiuiu  nltrH.te  a/id  of  cal- 
clun  nitrate,  respectively.   Oonseiuently,  as  we  should  ex- 
pect, curves  II  and  IV,  ropresantinf^  the  values  of  1,1  of  the 
two  salts  In   tho  raixture,  sYiOvr   lncren,sijvr  dlverf'-oi^'^-^  'ritii  in- 
crease In  concentration. 


>•    >f    ,.         -rft>. 


"laissto 


"        MIXrilD  WITH  CALCIUM  NITRATP:, 
CALCIUM  NITRATF  ALONf. 

"  "        MIXED  WITH  MAGNESIUM  NITRATE!. 


W 


GPA-M  MOLPCOLES  Of   SALT  PER  LITER  OE  SOLUTION . 

FIGURE  XIII. 
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Table    L^^^II-    "ALCIU::  TIITPATE    ITT  MIXTTHRC   OF    CALCIinJ  niTFATE 

Ai!u  LiAa  'o3iir:i  iiitpate. 

0.35                 104.4  1.7 

0.45                ;320.L'i  0.8 

0.C5                2P8.5  1.1 

0.85               :^r.5.7  1.4 

1.05                43:3.5  i^.l 

1.25                487  2.7 

1.45                534  3.9 

Table  LxxT^n/ii  :.iAGH.-:siU!vi  NX T rAT?:  Ill  :.:iXTURz:  of  calciu:.:  ::itkats 
AIT.  LiAorjoiu:.:  y.I'^fat:. 

0.25                                          P3.7  1.5 

0.45                                          150.5  0.6 

0.65                                          202  0.7 

0.85                                          251  1.0 

1.05                                          300  1.4 

1.25                                          351  2.0 

1.45                                          381  2.9 

These  values   are  tiiottcl   in  curves   In  Flgnires  XIV  p.'\d 
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500. 


400. 


100. 


cc 


o 

:^ 
or 

CD 


^fTTP 


^ 


L 


CC 
•cT. 


O 

CO 

o 


.1. 


-  5  ^ 


«.  C-  CMrtMTM.  ITHACA  H.  1. 


77 


CD 


GRAM  M0DE3ULE3  OP  SALT  PER  CTTSB  OP  SOLUTIOM. 

PTGQRE  XTV. 


oil-  'C  BSTriJ'^^I  TH?  AMOUNT  OF  WATFIR  PRlilSIil?JT  AS  SOLV^^T  IN  THE  SINGLE  SOL'JT- 

lOM  0?  MAGNSSIUM  NITSATE  AND  IN  THS  MIXT'JRIil  OH'  MAGNESIUM  NITRATE  AND  CALC';. 

NITRATE. 

Die  :  TBS  VALLTES  OE  M  EOR  MAGNESKW  HTRATB  IN  SINGLE  SOLHTTON 

IN  T:iiil  MIXTaRii  OE  OALCIQM  NITRATE  AND  MAGNESIUM  NITRAT^l. 


r 


IL 


m. 


zoo. 


i. 


158551 


^  C.   C>Ut  re  ^  T  Lfl  ,    IT  riAwA  ^ 
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EIGURE  XV. 
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The  curves   In  Flf^area  XIV  and  :\^r  show  the   aajne  gei^eral 
relatloiis  as  the  prececllji^  ourvea  of  the   anjae  cliaracter,    ex- 
cepting those  of   lithLnra  bromide   and  sodium  broni.ldG.      The 
aiaount   of  '.-ater   ellraln^.ted  to   foria  liydrates   in  the  mixture, 
teiids  to  dinliilah  somewhat  ■oro-nor*  tonally  to  the  diralnution 
in  the  amount   of  water  present  which   is  actiiir-  an   solvejit. 
This   is  clearly   shovrn  by  the   direction   i)i  which  the   ourves 
turn  with   increased  co'~:centration  of  the   solutions.      It    is 
T^rohable  tiiat    iii  the  more   dilute   solutions  we  hav-   the  dif- 
ference   In  the   hydratlng  newer  of  the    ions   and  molecules 
affect iJig  the   total  amount   of  water   eliminated  as  water  of 
hydratloju      Consequently,   v/here   the   total   amount   of   salt   is 
constajit ,    but   a  chaji^e   in  the  dissociation   is  produced,    if 
the  number  of    ions   is   l^Tf-ce  relative   to  the   number  of  mole- 
cules undlssociated,    as   is   t,he   case   in  the  more   dilute    sol- 
utions,   the   curve    for  n^fdoes  not   at   once      show  the   influence 
of  diiaijilshin^   "-'.lount   of   solvent  present.      This  phenomeiion 

is   shown  by  the   curves   as  chsui^^e   of  direction,    or   increased 
curvp.ture   In  the  curve  which  represents  the  value   of  Dnr- 

A  Pair  of  Quaternary   'illoctrolytes  was  llext   Studied. 
Ferric   chlorLde   and  aliamijilura  chloride  were   employed.      Very 
concentrated  stock  solutions  ^vere  ■oBeDarcd,   and  the  necess- 
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f!.ry     meas'arementa  were  raade   as   quickly  ao  ■noaaiole,    in  orde 
to   reduce  hydrolysis   to  a  irilnlraiun,    there   beliif;  a  tlrno   facto: 
in  the  hydrolysis   of   such  con-DOunds   ao   ferric   chlo"^ '  ' "  . 
lIot">;lth3taiiling  all  pr;j>cautioiiG   there  was,    of  couroe,    con- 
siderable hydrolysis,      lilspecially  waa  this   the  case    in  the 
mixture  of  the   t'vo   s.'lts,    the  rresence   of  the   aluLvLiiiuin  ol.-r 
loride  appearing;  to  act   catalyticp.lly  upon  the   solution  of 
ferric  chloride,   causinf:  a  c^^'^^s-l  precipitation  of  hydrox- 
ide of   iron. 

ALIIMINIUI.!   CHLOEIDHI . 
Table   L:01X^/III.      ^'F^ZZlllC-POlViT   I.InAGUP.^.I.n^ITTS. 


m. 

A. 

A/m. 

0.2 

1?270 

6.40 

0.4 

2.010 

7.28 

0.6 

5.14-1: 

8.57 

O.R 

7.962 

P.P5 

1.0 

11.705 

11.80 

1.2 

16.r;85 

13.05 

1.3617 

21.^^5 

15 .  07 

1.415 

215.5 

16.0 

8£I 


'%•'*.»'  p. 


.  ^ 


:  OJ 


•  RT 


8.0 

O.I 


>I.Lli 


d. 


iLi^,L 
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Tp.>3ie  ucz:i::.  co'.^^icTrriTi  :,!2AL^p^:i:2iiTG. 

0.t)60 
.558 
.487 
.421 
.307 
.314 
.273 


n. 

V. 

k. 

A 

• 

0.2 

5, 

.  000 

.02308; 

", 

iir.p 

I 

0.4 

n 

LJ   • 

.  500 

.04053 

101.3 

0.t3 

1, 

.  6G6G 

,053111 

5 

BR .  5 

0.8 

T 

.250 

,00118 

70.5 

I.O 

T^  ^ 

.000 

.000595 

60.0 

1.2 

0, 

.8333 

.00842 

57.0 

1.3017 

0, 

.7344 

.0f.700 

40 . 7 

Table  XC. 

WEIGHT-IIORIML  GOPJt^CTIONS. 

m. 

^^301. 

'"salt . 

%o 

0.2 

25 . 0240 

0, 

,  0673 

24. 

.0567 

0.4 

20.1538 

1, 

.  3346 

24, 

.8102 

0.6 

26.7134 

2, 

.0010 

24, 

.7115 

0.8 

27.2153 

2. 

.  0002 

24, 

.5401 

1.0 

27.7351 

3, 

.  3365 

24, 

.3086 

1.2 

28.2877 

4, 

,0038 

24, 

.3830 

1.3G17 

28.7252 

4. 

,  5433 

24. 

.1819 

Correction 

Per  Gent. 
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0. 
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.2 
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'.0 


.ni 


2. 
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3. 
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^. 

1 ' 

1. 
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(\LL\  .-U 


B. 


(  .  L 


12 

0 

Table  XCI. 

HYT)rjM^.3 . 

CA  . 

L. 

A/m. 

L'. 

M. 

II. 

0.2               0 

.  IH30 

5 .  54 

r,.40 

6.J59 

7.4 

r,7.o 

0.4 

.558 

4.P7 

7.28 

7.2? 

17.4 

4?.  5 

0.0 

.'t87 

4.58 

8.57 

8.47 

25.5 

•1:2  . 5 

0.8 

.421 

4.:3l 

P.  95 

r  .77 

31.6 

39.5 

i.O 

.1^07 

7..C.1 

11.80 

11.52 

r>G.7 

?';  .  7 

1.3 

.314 

a.  01 

17, .  05 

ir^ .  25 

40.4 

^3.7 

i.r.rav 

.27^^ 

K.?P 

15 .  97 

15.44 

4?.  4 

31.9 

P35REIC   CHL0RID2. 

Table  XCII 

.       FR^SZIIIG-POIHT 

i.lTlASim^l.] 

m. 

A. 

A/rr.. 

0.'^ 

1?255 

6.28 

\j  ,'t 

2.715 

0.79 

0.6 

4.530 

7.55 

0.8 

0.C67 

8.;53 

i.O 

1^.152 

fM5 

1.2 

12.11 

10.09 

1. -"5(5 17 

14.593 

10.72 

..-Aii 


0-'''.t 

i:«o 

ean. 

i-.o 

va>- . 

».o 

ti. 

O.I 

v.. 


L.O 


o.O 


-•» .  Vy 


Table  xoiii.     c'JTrniTJTivirr  ■.:::a.. 


-A^. 

0°  a  220.   ^ 

'alonl^'.tecri  . 

m. 

V. 

k. 

^K- 

cA. 

■J .  :i 

5, 

.000 

.02;<80 

lll'.O 

0.541 

0.4 

2 

.noo 

.03786 

94.7 

.  430 

0.0 

1, 

.66ce: 

. 04645 

77.4 

.352 

0.8 

T 

.250 

.05147 

04.3 

.292 

1.0 

J. 

.000 

.053147 

53.1 

.  241 

1.2 

0 

.8333 

.053145 

44.3 

.201 

1.3017 

0 

.7344 

.051777 

38.0 

.  173 

Table  / 

-■>■,-■"■ 

V.'EIOIIT- 

:-  COK- 

"l3. 

ni. 

Wsoi. 

%alt. 

Wh^O. 

Correction 
Per  Cent. 

0.2 

25.6792 

0.8113 

24. 867 P 

0.5 

0.4 

2C.3380 

1.6225 

24.7155 

1.1 

^,6 

".6.P?56 

2.4337 

24. 5 C IP 

1.8 

0.8 

27.6250 

3 .  245 

24.378 

2.5 

1.0 

28.2400 

4.056 

24 . 184 

3.3 

l.li 

28.8rj67 

4.B675 

24.0102 

3.9 

1.3617 

2£'.36£>0 

5.5234 

23.8456 

4.0 

,.A 


.m 


w<> 


r-\v    r 


1. 1 
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Table  ; 

rnyr 

ITiDKa, 

i.  .  1  h.  • 

in. 
0.2 

0.541 

L. 
4.88 

A/m. 
6 .  28 

L'. 

G .  2r 

12.2 

H. 
61.0 

0.4 

.4K0 

4.2(1 

C.VP 

6.72 

20.;'5 

50.7 

0.6 

.'652 

P.  82 

7.r)5 

7.41 

26.  P 

44.8 

0.8 

.212 

'^ .  4f 

8 .  I^.-^ 

8.12 

ri.7 

•'^p.e 

1.0 

.241 

r<.21 

P.  15 

8.  P. 5 

^55. 4 

.'^5.4 

1.2 

.201 

2.P8 

10. OP 

r .  70 

«8..5 

.'52.1 

i.aoi? 

.17.T 

2.B2 

10.22 

10 . 2.'3 

40.2 

2P.5 

LiIX?UR:]   OF   rSKRIC    GHLORIDJ  AiiD  ALUIUIIIIUIJ   CHLOPIDH:. 
Table   XJVI.      FRJilZIUG-POI'IT   '.n-^ASURaMaTTG  ■ 

A. 

2?P38 
7.288 

i;'..6P 

22.5 

?;6.o 

56.0 

84.6 

It  \rvis   necessary  to  extrr.-DOlate  this  laat  value,  B4?6, 
ainoe  the  solution  failed  to  freoze  In  the  trcezli^f;   nixture 


m. 
0.4  FeCl,^ 
0.4  AIGI3 

P. 

u 

0.8 
0.8 

FeClg 
AIGI3 

1 

i.2 

1.2 

FeGl.^ 

AICI3 

1 
II 

1.6 
1.6 

r'eJl., 
AICI3 

1 

li 

2.0 

2.0 

FeGl3 

AIGI3 

II 

2.4 
2.4 

FeCl3 
AICI3 

1 
H 

2.72f<4  FeG 
2.72^54  AlC 

'I3 
'I3 

1 
II 

rsj: 


H 


3.'?f 
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f  i  f- 


0 .  ;>". 


.nv  ^cjsl  eixit  »*-" 


X 
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I 
II 
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I 

n 


OJ    t 


en-nloyod,    i,e, solid  carbon  dioxide   nail  alcohol.      The  raoro   con- 
Gontrated   aolutioiu   Decnme   so   viscous,   '.fhen  cooled  down, 
thP-t    it  '.ma  difficult   to  stir  then  vroverly. 
Table  ::JVII  .   \'LUGin-liOK.-AL  COEruJCi'IOlJS. 


n. 


P. 


0.4  FeClr^  1 

0.4  AlCln;  " 

0.8  roClg  I 

0.8  AlClj5 


^Sol. 
26.2807 


27.4.^05 

28.5G60 

2P.7105 

30.8182 

31.9182 
2.7234  FeCl.^,   l 


1.2  ?eCl5   i 
1.2  AlCl,'^ 

l.G   FeClj^^   i 
1.6   AlCl,'^ 

2.0  FeClr^   1 
2.0   AlClj5 

2.4  FeCl,'^   1 
2.4  AlCl,',    " 


^Salt. 
1.4786 

2.P571 

4.4;^56 

5.D142 

7.r,r2r) 

H.8713 


2.7234  AlCl.-T, 


%oO . 

(.J 

24.8021 
24.4794 
24.ir,04 
23.7P63 
23.4257 
23.046P 
22.7110 


Correction 

Per  Cent. 

0.8 
2.1 
3.5 
4.8 

6.3 
7.8 
9.2 


10.0667 

It  is  to  be  :ioted  that  the  oondiactiv '.ty  measurements, 
which  are  given  in  the  follo\yin£^  table,  are  th"  n  r^^Gt  ap- 
proximations, as  measurements  of  dissociation.   The  con- 
ductivity measur  "         ■  --de  at  zero,  whereas  some  of 
these  mixtures  ireeze  very  considerably  below  0*',G.   There 
is  marked  hydrolysis,  in  some  cases,  as  already  mentioned, 
leading  to  a  precipitation  of  iho    Iron.   There  is  consider- 
able differeiice  bet'-reeii  the  viscosity  of  the  sijif^lo  solutions 
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aii:l  of  the  mixtures  v."-horo  the  norrr.nlitlen  ^rn  the  snir.c. 
The  aaaunpiloii  tna.i,  i hoje  calta  dlisaoclate  rri-t  once,  in  the 
moat  concentrated  solutions,  into  *, 01,01,01,  is  certainly 
not  correct.  Finally,  the  values  of  -/i^are  calculated  values 
and  uo^:   lifi'er  conclderably  fron  the  true  val\Jes,  because  of 
the  factors  ,just  mentioned. 


N:£ 


M 

H 
H 


O  O 


^cu 

1-1  i-< 

o  > 

^j* 

o 

'J  K) 

Uj  CO 

tc  c: 

o  > 

O  C3 

H  CO 

o  c: 

o  c: 

O   rH 

O  rH 

C/3 


n 
» — 


> 

M 

b 


o 

o 


00 


CD 


K  O- 


00  -cf 


M  1-1 


CO 


O  fO 


o  c^ 


•          • 

>  CO 

•      • 
1-1  iH 

•           • 

o  .-t 

•          • 

O  r-i 

• 

O  rH 

Q.  t-l 

O  CO 

^c  ^3 

Cj  LO 

O  ^ 

O  flj 

o  cv] 

(» 

0C<' 

O)  lO 

l>   Ow 

lO 

tC  "C 

:•:  tc 

U3  (H 

-^f  'O 

Oi  i-i 

o  o 

Ci 

0      to  Ci 

V-;  lO 

O  CO 

o  CO 

LI  lO 

O  00 

O  U5 

X       CO 

O  CO 

t-  to 

<c  o 

<0  r-i 

o  > 

o  o 

fH  CQ 

CO  CO 

r-H  CO 

r-i  V" 

O  ■n;' 

O  CO 

O  C<] 

O  O 

•          • 

o  o 

•        • 

C  C 

•           • 

e  o 

•       • 

O  O 

•          • 

o  o 

•      • 

o  o 

•      • 

m 

00 

rH 

CD 

o> 

oo 

to 

o: 

Gi 

la 

cc 

Oj 

^ 

Ci 

CO 

t> 

00 

!0 

c^ 

o 

o 

to 

»o 

rH 

CO 

Ci 

o 

H 

'i' 

1*"* 

t>- 

cc 

00 

c 

O 

o 

o 

O 

o 

o 

cc 

LO 

>  uo 

lO 

o 

O  CO 

O  CO 

IC  (-< 

C-  00 

Nf     OJ 

-;:'  ?3 

C--  o 

00  Ol 

cc  Ut) 

"^  M 

"^  rH 

rH  LO 

,H-<H 

t>  CO 

CO  :r. 

t>  o 

^^    Lw 

H  rH 

CO  (O 

CO  CO 

-H  O 

cvjca 

t-  ^ 

rr*  UJ 

u;  to 

uo  c 

LO  'O 

LO  '.O 

o  o 

•    • 

c  c 

•        • 

C  O 

•          • 

o  o 

•       • 

o  o 

•      • 

^  o 

•      • 

o  o 

•       • 

rH 
EH 


00 

CO 

'5' 

^ 

CO 

o 

lO 

rH 

o 

[> 

o 

rH 

o 

Cj 

«;*• 

cc 

o- 

Ol 

cc 

U3 

o 

o 

u; 

o 

o 

D- 

'=i' 

«o 

u:> 

LO 

'4' 

CO 

OT 

o 

o 

o 

o 

o 

o 

O 

• 

'O 

CO 

"tf 

^ti 

o 

o 

'O 

o 

y;. 

'Jf 

> 

o 

c> 

CO 

LTi 

o 

CO 

c-,- 

OS 

lOs 

con 

c:a 

o  = 

co  = 

C^ 

• 

• 

• 

« 

• 

• 

to 

C3 

i-i 

rH 

l-i 

o 

o 

• 

';■) 

o 

o: 

't 

CO 

00 

o 

u^l 

^i 

fcl 

•  S 

•  s 

• 

•  s 

•  r 

•  s 

• 

o 

O 

o  = 

o 

rH 

rH 

r-i 

fW 


r-H  = 


r-H  = 


<-i  = 


r-Tr-T' 

Oi  r- 

1^  < 

O    J 

O  rH 

<D    rH 

<0  i-i 

CD  r-i 

©  r^ 

<l>rH 

T 

i^  <! 

:■-.    < 

iM  <J 

>-M    < 

iM  <! 

N  < 

to 

Ma 

^"< 

00  00 

?c  cc: 

'Z  CO 

o  o 

-i'^ 

r- 

•        • 

•    9 

•       • 

•       • 

•      • 

•        • 

• 

o  o 

O  CB 

r-i  1-1 

I-i  r-i 

ca  o3 

ca  03 

!>■' 

7i 


O 


cu 

(J! 

.^ 

a> 

Ca 

cx^ 

iC 

o 

•■^ 

e 

o 

• 

• 

«' 


w 


o 

O 

<3 

►-. 

Ci^ 

v^-J 

a 

• 

a* 

t-y 

V-i 

cs 


=  o 


•  l- 


o 


HO 


!3 


f->   f-v 


00  CO        tp-  V 


lO  o 

O  lO 

C  > 

Cl  r-1 

CQ  !>- 

CO  <c 

iO  o 

C.  iH 

cc  o 

C3  K) 

cc  o 

03  ^0 

rH  QC 


(O  (O 


CO  %" 


O  Cj 


CO  O    Of-    r-H  O 


•J.  '^ 

U  J  ^f 

C-  CO 

CZ   L.C 

•<d^  50 

<o  o- 

r-1  iH 

o:  cz 

?:  r^i 

fD  cc 

C-.  cc 

EC  CC 

>■,  • 

C  ^1 

P  o 

CO  o 

• 

CO 

rj 

'■-1 

<; 

• 

ii-1 

p 

t 

<1 

00 

o 


CO 


to 


CD 


tc 


CO 


Ci 


X 

rv^ 

c. 

tc- 

cc 

'•O 

lO 

O 

o 

•J 

c. 

01 

• 

• 

• 

• 

• 

o» 

• 

tc 

CM 

o 

o 

'T 

03 

C"- 

rH 

OT 

lO 

lO 

00 

CO 

tC  '^ 

O.  U3 

C--  o 

<f  i> 

IC  ti' 

03  ^ 

•  "^ 

•   • 

•     • 

•  • 

•  • 

•   • 

•    • 

• 

ca  . 

o  o 

'-0  lO 

rH  1-1 

LO  'O 

X  O 

o  cc 

»^' 

rH  [> 

03  r-l 

o:  03 

tC  CC 

CC  ^;. 

cc  v^ 

vi'  «* 

M 

o 

M 

• 

r-H  00 

o  -^^ 

c^  yj 

cc  01 

c  cc 

CO  tc 

-■^  o 

•c  c^ 

t-;,  ^ 

o  o 

00  00 

00  lO 

Uj 

t— 1 

•   • 

•     • 

•   • 

•   • 

•   « 

r-1 

tC  rf 

r"  I'Z 

o:  '.c 

o:  LC 

■H  03 

i-H  03 

es 

^  :^ 


O  ^•    O  M         vf  CO    iH  rH    O  t>      <' 

'^t'-  lo   LC  "-.^   ni  CC   o  o:   o  c:   o  r- 1 


o 
o  oi 

O  H 


O 


n 


03 

•  e 
O 


•  ; 

O 


00 


o 

•  * 

1-1 


OJ 


CO 


^ 


rH» 


rH  = 


rH  = 


r-1  = 


©  rH 

T)  rH 

©  rH 

©  rH 

OJ  i-H 

©  rH 

©  1-1 

"^ 

;:h  < 

&.  < 

'^  < 

Oh  < 

i^<: 

fc  <; 

'^  ^J- 

30  00 

OO  03 

CO  5C 

c  c 

'^f^' 

t> 

o  o 

o  o 

rH  rH 

rH  i-H 

03  03 

03  03 

03 

vj  50  o  ou  c; 

^-^  t-t  t-i  C) 

«.fc-l  K|!-i  X»-i  V^-i  BHi 


* 


H  CP     .    h 


•  •     •  •     •  •    • 

^^      h->  Hi      c  c      c  c 


127 
These  v^.ries  of  M  r.nd  of  IJ^  are  -nlotted  in  nnrVB'^   In 
Fipure  XVI.  The  .t-;eneral  relatloiis  shown  by  theao  ciarvos  fire 
the  saiae  as  have  previously  been  pointed  out.   The  fact  th^i.t 
the  hydrr^t li:ifc;  -povrer  of  both  the  aluminium  chloride  and  the 
ferric  cl-iiorido  is  a.nparently  greater  in  the  mixture  thsji  in 
the  separate  solutions,  in  the  most  dilute  solutions  employed^ 
is  proha.bly  iue  to  the  effect  of  hydrolysis  in  increasing-  the 
vnlue  of  L,  and  consequently  diminishing  IJ,  though  possibly 
•nartially  due  to  chaaige  in  disso'"-'"''--''-^"  naid  difference  in 
the  hydr?.ting  power  of  the  ions   a-nd  molecules.   It  should  be 
noted,   also,  that  the  hydratliit?  power  of  the  aluminiiu: 
chloride  appears  to  be  relatively  less  than  that  of  the 
ferric  chloride  in  the  more  dilute  solutions;  but  thc-.t  this 
relation  is  reversed  in  the  more  concentrated  solutions. 
This  mecy  be  due  to  hydrolysis,  since  if  the  aluminium  'Chlor- 
ide hydrolyses  more  rapidly  th^n  the  ferric  '".-hloride,  then, 
in  the  more  dilute  solutions,  where  the  effects  of  hydroly- 
sis  'ould  be  pronounced,  the  result  vvould  be  to  increase  the 
value  of  L  ajid,  consequently,  to  diminish  the  value  of  !.T, 
based  upon  it. 
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In  Tables  C   and  CI   Lhe   abbreviations  h?.ve   the  usual 
3ip:nlf  icance. 

Table  c..     alu::i.:iul:  jiiLor.iDU  in  ijixttjr.::  of  altt:.:i:'iu!>:  ciilop 

IT)3   Ann   F^PRIC    CIILORin':]. 

0.2  34P  -0.8 

0.4  3G7  0.8 

0.6  488  1.1 

0.8  552  2.7 

1.0  018  3.0 

1.2  671  3.7 

1.3017  70C'  3.8 
Table   CI .    FEPRIC   GIIL0Pin3   IN  MIXTURE   OF  ALTniI!IITT!J  CHLORinS 

A] a")  fhfjic  ciiLOKin^. 

0.2  150 

0.4  308 

0.6  456 

0 . 8  543 

1.0  636 

1.2  699 

1.3617  75R 

These  values  are  plotted  in  curves  In  Figures  XVII  nnd 
XVIII. 
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The  effect  of  decrease  In  the  amount,  of  water  present 
as  solvent  is  -olainly  shOMm  In  the  diminishing  values  of  U 
as  the  ariiount  of  solvent  is  lessened.   The  slight  irropiilar- 
Itles  are  urobably  due  to  unavoidable  experimental  error, 
and  inaccuracy  of  the  conductivity  method  as  a  moaaurs  of  dis 
soclat ion. 

Thus  fr?r  all  of  the  Salts  Gtudied  have  a  Common  Aiiion. 
In  order  to  extend  the  Investigation  to  a  Pair  of  Gaits 
having  a  Common  Cation,  a  Mixture  of  Calcium  Nitrate  and 
Calcium  chloride  -.Tas  emplo^^ed. 

The  data  for  the  separate  solutions  of  these  t^ro  salts 

has  already  been  given.  The  results  obtained  v/ith  the  mixture 

follo^7. 

Table  CII.   FR:-]EZI'TrT-POITTT  mASTJR:::i2!ITS . 

m.  p.  ^  . 

0.5   CaaiTOj;  J  ^ 

0.5    CaClg  ^'SO 

O.r   CaCIg^  "  ^'^^ 

1.3   Ca2T:03  1  „   ^„ 

1.3   CaCl2  "  ^'^^ 

1.7   Ca2N0g  1  n,    ,-.^ 

1.7  CaJla  "  ^^-^^ 

2.1    Ca2!I03  1  14.78 

2.1   0aCl2 

2.5   Ca2M03  1  1C.2 

2.5   CaCl2  " 

a.P   Ca2II03  1  24.2 

2.9   CaClg  " 

3.31102    Ca2iro3  1  33    7 

3.31102    CaCla  " 
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Table    CIV.    ^ysiGIIT-HOFLIAL    CQKR  ^.CTIOIIS. 


m. 

0.5   Ca:iNO-< 
0.5   CaCl3 

0.0  Ca2N0g 
O.P  CaClo 

1.3  Ca-BNOj^ 
1.3  GaCla 

1.7   Ca2Nop5 
1.7   CaCl2 

2.1  Ca2N03 
2.1  CaOlg 

2.5  Ca2N03 
2.5  CaCl2 

a.P  Ca2N03 
2.9   Ca.'lo 


P. 
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1 
II 


1 
H 


2 
II 


Wc 


ol. 


3.3111  CaSNOgl 
3.311  CaClg   ■ 


26.3336 
27.3415 
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The  .bov-^  ^iluea  of  11   are  plotted  In  ourvea  In  Figure 
XIX.   The  results  are  of  the  same  charp '-^  -    '  hoac  shown  by 
the  nrecedliTg  nilxturea.   The  moat  concentrated  solution  meas- 
ured shows  a  somewhat  lO'iTor  value  for  M  In  the  mixture 
than  we  should  cxDect,  but  it  must  be  borne  in  mind  That  at 
this  preat  concentration  the  experLv.ental  errors  involved  pre 
necessarily  very  larp;e. 

Tables  CVI  and  CVII  contain  the  lata  iiocessary  to 
compare  the  change  in  the  amount  of  solvent  present  vrith 
the  chaji^e  in  the  vcluos  of  IvI  in  separate  solution  and  in 
the  mixture. 

Table  CVI-  CALCIir.!  CHLOF.IDS  III  rJIXTTJHi]  OF  OAICIUI.:  NITKATZ! 
Al-TU  CALCIUL'  JHLOKIDE . 


m. 
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Table  CVII.  GALCIinvI  NITPJVT-]  IN  ',:iXTTrPn  OF  CALCITn,!  TITRATE 


Aim    CALJIU.V 

JIILOI 

:iT>:z. 

m. 

I) 

''u. 

0.35 

IJ^l 

1.7 

0.45 

313 

0.6 

0.G5 

288 

o.r 

0.85 

350 

1.0 

1.05 

404 

l.G 

1.35 

447 

2.0 

1.45 

496 

2.8 

1.6555 

575 

6.0 

These  values  are  plotted  l)i  curves  In  Figures  /DC  and 
XXI.   A  diminution  in  the  axaount  of  vfater  •present  as  solvent 
causes  a  diminution  in  the  value  of  M.   This  effect  appears 
to  be  trreater  with  Increasinr-  concentration.   It  la  probable 
that  in  the  most  dilute  solutions  the  differonce  in  the  h^- 
dratinf:  povrer  of  theions  »aid  molecules  affects  the  curve, 
changing  its  direction. 
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DI''    Ml  eETl':E:^N  THE  VALUES  OE  M  FOR  CALCIUM  NITRATE  IN  SEPARATE  SOLUTION  AND 
IN  Tris;  MIXTURE  OE  CALCIUM  NITRATE  AND  CALCIUM  CHLORIDE. 
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THE  EFFECT  Qi'  OHAIIG:]  IN  TEI.1P3EATTTR1::  UPON  THE  CONTtTJCT- 
IVITI3S  OF  SEPARATE  SOLITTIOTIS  OF  ELECTrorTT::^,  ^l]J^  ITPON  MIX- 
TTTPES  OF  THOSE  SLSCTROLYi'r'13. 

In  thla  paper  we  have  repeatedly  called  attention  to 
the  fact  that  the  conduct i\^ity  method  furnishes  us  witl'i  only 
a:i  aT/Droxinate  value  of  the  dissociation  of  a  salt.   The  con- 
ductivity method  of  measuring  dissociation  is,  however,  the 
mose  general  one  ?.va liable.   In  order  to  study  the  effect 
of  change  of  terat>erature  upon  the  conductivities  of  separate 
solutions  of  electrolytes,  and  upon  mixtures  of  these  electro- 
lytes it  was  necessary  to  select  a  pair  of  salts  which  do  not 
form  dou'nle  aalts  in  solution,  pnd  which  have  little  or  no 
hydratiiij^  po  er  ■   Potp.asi^im  chloride  ajid  anuioniura  chloride 
were  ejapioyed. 

The  conductivities  of  sinr^le  solutions  of  these  salts 
and  of  their  mixture.,  were  studied  at  0°  and  12°.   Compari- 
son having  shown  that  our  values  ^r;ree  very  closely  with  those 
obtained  by  Jones  and  West   and  Jones  and  Kniehf^,  Jones  and 
Kniffht's  values  at  25"  were  used.   The  values  of  Jones  ?:i.nd 
West, at  18°,  show  a  very  close  agreement  with  those  obtained 
experimentally  by  Kohlrausch  at  the  spjne  temperature.  The 
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valuoa   for  -potassiuin  chloride  at  25"   are   tcikeii  from  tiie   re- 
suits  of  Kohlrauach. 

POTAiiGin:.!  jiiLoninE. 

Table    cvm.    ...OL-JC'JLAR   OQiniTJ.JTI\^j.i'I:^i: . 


V. 

A^o". 

/UxrlS". 

V  . 

/W^25'' . 

1 

01.68 
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d3.02 

H4.4? 

2 

108.6 
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1 

PP.  3 
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110.4 

16 

120.  P 

80 

131.8 
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134.2 

640 

138.1 

AI^II.:ONIUM  CHL0RID3. 
Table    CIX.      MOLECULAR   COinnTQTIVITIES, 

81.15 
83.57 
87.06 
PH.  IP 
PP.  P4 
101.3 

io;^.7 

since  we  are  employing  some  of  the  values  of  Jones  and 

West,  Jone--  -■^'"'  Knight  and  Kohlrausoh,  at  25",  we  have  tal)U- 

lated  a  fe.*  valiaes  taken  from  these  sources  side  by  side  vfitl; 

our  own. 

POTAoSIUlJ  CHLORIDE. 

Table    OX.      COUFKRlzr:  2£  C0IT')U0TI7i:i".3. 

V.  Ours.        Jones   a.nd  West.  /Jones  anci  Kohlrauach. 

V     West.    -^ 
U^O".  /A.O*.  JU^P"-  A^8". 

1  61.58  ---  --- 

2  63.02             (J2.P6                         P5.P                  P5.8 
5  65.85  


IM 


,r,r, 


.V 

I 


3 


01.  1r 


ow 


•I.-  + 


r.  C-.  r  f  •    r-  1.        T  ■«. 


.rti  W-i 


.«...:  ^ 


( .n  .,\T\ 


9 


142 
TatJla   ex.    C0MPAP[130?:  OF   C0I^mUCTIViri2S.  (Cont.) 
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AfUdOI^lIUM  CHLORIDE. 
Table   GXI.OOMP.'^ISON  OP    CO^^>UCEIVITIES. 
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In  connoction  with  the   con  luct  Ivlty  of  axrraoniiun  chlor- 
ide,   Jones  r-)id  Knlgrht    3r^A;      "The   values  -'/hl-oh  -are   fn-.:-,i '    for 
tiie   oonduotlvlty  of  aiononium  chloride  dlfi-erod   slightly   frora 
those   obtained     by  Kohlr-^'.-'^hg,    our  values   be  Liyr   sonevrhat 
lovfer   In  the  noro  coiicent rated  solutions,    and  a  little   h.i/-iier 
In  the  nore   dtluto.      This  dtfferenct>   is  probably  due   to   thr- 
temperature   coefficient  whloh  nust   he  added  to  Kohlrausoh's 
values,    to  transform  then  fron  18°   to  ;^5"'."      This  ooef ficioTit 
was  unoertp.in  over  pny  considera.i)le   ran^e   of  tennerature. 

P0TA3DITIIJ  CHL0RID3. 
Ta'^le    CXIII.    COlJPi^J'.ISOTT   OF    COITT-HJCTIVITICG. 


J one 3   and  West. 

Jones  and  tOiieht 

V. 

/C/t.5B5». 

^Kohlrausoh) . 
'  104 . B 

1 



2 

lOf'.B 

108.6 

8 

118. G 

116.5 

1(3 

ip.a.9 

IJ-il.S 

32 

1:26.8 

135.4 

ia8 

i;5a.4 



160 

___- 

l.Tl.i 

513 

135.5 



640 

— __— 

i;^.3.9 

1024 

l.'^>7.0 



1600  1.35.4 

From  these  tables   it    is   evident    that   our   values  a^ree 
very  well  ^vlth   those  of  Kohlraus'^h,    Jones   and  West,    atid  Jones 
aiid  To  light. 
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Let  US  turn, now,  to  the  conductivities  of  the  mixtures 
of  Tiotf<,3s  Lum  chloride  and  anuno)iluin  chloride.   These  solutions 
were  mixed  in  eiual  volumes.  When,  for  example,  a  a.u  W  sol- 
ution of  pota:3sium  ^'hlorlde  is  added  to  an  equal  volume  of 
3.0  N  ammonium  ohlorlde,  the  assumption  that  the  resulting 
solution  consists  of  1.0  N  Tiotasgium  chloride  and  1.0  TT  p^m- 
monium  chloride  is  evidently  not  luite  correct,  becaua-  nf  *he, 
volume  occuTiiel  isy  the  salt  in  the  added  solution.   In  order 
to  make  the  necessary  correction  for  this  factor,  pycnoneter 
weasurements  were  made  in  the  more  concentrated  soliitions. 
In  the  more  dilu^-s  solutions  this  factor  is  so  small  thst  it 
is  entirely  negligible. 

In  the  followiTig  table,  m  is  the  norraalityi  C  is  the 
capacity  of  the  "Dycnometer  iii  ouoic  centimeters;  W^^Tt  ^^  ^'^^ 
nei^rht  of  s?lt  prese?nt  in  the  solution;  Wtt  q  ^^   ^^-^   weight  of 
water  present  in  the  volume  of  solution  contained  in  the  pyc- 
no.v.eter,  and  V  is  the  voliune  of  --/ater  in  a  thousand  '.'ublc 
centimeters  of  the  solution. 
Table  cy.iv.  t^OTASSITJH  CH]     Z.   at  13°. 


II.. 

"Salt. 

WHoO  . 

CJ 

V. 

0.05 

24.41^5? 

O.OPll 
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PP8.66 

3.20 

2.'^.f/474 

o.35;=;75^ 

23.8077 

r04.fi2 

0.50 

11.0945 
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11.52e4 

080.35 

1.00 

12.  f.rvts 
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Tabic  0:0/.  A!.:;.rJN:LU:^  CHLOkIDj:.   AT  la". 


n. 

C. 

^Salt. 

^llgO. 

V 

0.2 

24.. -^605 

0.2608 

24.Bn7P 

Pr2.54 

0.4 

24. 435 r 

0.522P 

24.0573 

5  85.37 

0.(3 

23 . P474 

O.VGC'O 

23.4098 

P78.00 

0.8 

12.0P7G 

O.SI-^? 

12.0176 

P70.52 

1.0 

ii.Gp;5 

0.(V^5f) 

11.2574 

PG^.07 

Eased  upon   these  laeasurement-a,    the  conductivity  of  the 
T)ota.s3  Luia  chloride   and   aramoniioin  chloride   in  the  various  mix- 
tures '.tas  calculated,    on  the   assumption  that   no  chaiitre   in 
the  diaaociatton  of   these   salts   taices  place  when  their   aolut4 
ions  are  mixed.      The   results  are  given,    along  with  the  con- 
ductivities obtai)ied  exper:ljnentall^    in  the   followii^  tables. 
Tabi.?  c;(vi.   ^0i.:rARi30iJ  i'OR  pota;-'.::lIJ:j  Ji-iLOKiDa.  Ai^nvioiTiTTM 

CIILOKID^. 

IHn^Cl  Siiin.  V.  KOI.IIH4CI     Difference. 

Al^25°.  /<^25'*. 

PP. 3  203.4  1  ^    179.3  24.1 

104.9  213.5  2  195.0  18.5 

110.4  22i.G  4  208.3  13.3 

115.8  ;532.3  8  220.9  11.4 

120.9  242.4  IG  231.7  10.7 
125.3  250.7  32  241.2  P. 5 
127. G  nsr';.3  40  245.  P  7.4 

131.8  260.3  80  254.3  G.o 
134.2  2C5.3  IGO  2G3.3  3.0 
13G.8  268. P  320  267.0  l.P 
138.1  272.0  640  273.1  -1.1 

138.9  27"^.  r^  1000  279.1  -4.8 


«/. 

KCl 
/^25°. 

V. 

1 

104.1 

1 

2 

108.6 

2 

4 

111.2 

4 

8 

116.5 

a 

16 

121.5 

16 

32 

125.4 

32 

40 

125.7 

40 

80 

128.5 

80 

IGO 

131.1 

160 

320 

132.1 

320 

640 

133 . 9 

640 

1600 

135.4 

ICOO 

?!M 


-Xifu 

nj  t>  on 

-xioo  eriJ^  rfJi 

.6; 


H  I  !  X 


.  "Ml.   ,-      .-» 


+»•  tx 

V.OI 

3,« 


0.-; 

O.I 
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Tabic    JXVII.    JOrJPAi^ISQN  l-'OR   PQTAS3ITT:.I   CIILOPing,    A!>!?m'OMITTM 

•.;ci 
1        81. r5 

3  8'1.38 

5  87 . 82 

^0  92.88 

100  98.09 

200  101.5 

1000  ior..r5 

Table  a'CVIII.   COiMFAT.IGO!:  rOK  POTAGSI'T:.!  OHLORIDi^.Ai:;  OHI'T;.! 


( Jonoa 

arid  llnlght ) . 

v:iI.Cl 

KCl.ini.Cl 

V.                  /i/lr25°. 

1              154.9 

difference. 

1 

'81.10 

Gum. 
1015.1 

8.2 

2 

8J^.55 

167.9 

2              161.1 

6.8 

5 

87.66 

170.5 

5              170.5 

5.0 

20 

PI'^.IP 

186.1 

20           181.;? 

4.8 

100 

99.94 

198.  G 

100         194.7 

3.9 

200 

101. R 

202.0 

200         19 Q. 7 

2.9 

1000 

io;'.7 

207. 

1000      208,7 

-1.7 

V. 

1 

o 


chloridj:  . 

KCl 

AvO? 

'01.48 
62.97 
5  65.83 
20  68.59 
100  72.13 
200  7S.73 
1000  74.31 


I-KaCI  STOin. 

V.  icjj^  V. 

1  '61.  or.  122.5  1 

2  62.51  125.5  2 
5     63.97  129.8  5 
20     68.13  136.7  20 
100    01.64  143.3  100 
200    72.89  146.6  200 
1000   74.10  148.4  1000 

:o:jpaf;I3o::  of  diffsezitcss . 


KCI.ICIaCI 

nifferonce. 

121.2 

1.3 

122. H 

2.7 

126.9 

2.9 

133.4 

3.3 

141.2 

2.6 

144.9 

1.7 

i         147 . 5 

0.9 

V. 

1 

3 

5 

20 

100 

300 

1000 


^iff.O? 
1.3 
2.7 
2.9 
3.3 
2.6 
1.7 
0.9 


Diff.l2? 
8.2 
6.8 
5.0 
4.8 
3.9 
2.9 
-1.7 


Dlff.  25? 
24.1 
18.5 
12.8 
10.4 
5.2 
2.7 
-2.5 


If  this  change  In  the  conductivity  when  the  GOlutlons 
are  mixed  la  due  only  to  a  suppression  of  ionization,  then  vre 
should  expect  the  suppression  to  be  nearly  the  same  at  the 
various  temperatures,  since  the  dissociation  is  very  nearly 
the  same  at  t:'iese  various  temperatures,  ^vid.  Tables  C'C'C , CX:^:^ 
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Table  0^3.  DiSSOCiATIOlJ  OF  P0TA33ITT:.:  CHLOPITIl^. 


V. 

o(  0? 

<?(12? 

(X25? 

1 

0  .  HaV 

0.793 

0 .  768 

a 

.  P.47 

.817 

.80Li 

5 

.886 

.850 

.831 

JiO 

.  rp.?; 

.89f 

.905 

100 

.f'71 

.055 

.  1'54 

'^00 

.902 

.981 

.970 

1000 

1.00 

1.00 

.993 

Table 

c^:xi .  ■ 

JIATION  OF  A?ifiIONIUM 

GHLORIDfi:. 

V. 

cXo? 

(Xl2? 

(A  25? 

1 

0.824 

0.78'J! 

0.715 

2 

.844 

.806 

.755 

5 

.863 

.  845 

.805 

20 

.919 

.899 

.878 

100 

.r67 

.f'64 

.953 

200 

.984 

.977 

.970 

1000 

1.00 

1.00 

.997 

If  the  sxippressioii  of  thep-onl/.atioii  is  the  cause  of 
the  cLljainut.ton  In  the  conductivity  when  the  solutions  are 
mixed,  then  the  g^reatest  diminutlo-"'  rl^      •  !"=»  place 
where  the  more  highly  dissociated  salts  a.re  mixed;  that  is, 
the   ilmlnution  in  'Conductivity  should  bo  slightly  p^reator 
at  0°   th.-.:-  at  12°,  a: id  slight  1"  rrroater  at  12°  tha:i  at  25°. 
Just  the  opposite  is  shown  by  I'ajle  JXIX  to  be  tnae.  A^aln, 
if  this  lesactiiiX'T  of  conductivity  is  dependent  upon  the  am- 
ount of  dissociation  alone,  then  since  the  difference  be- 
tween the  dissociation  at  0°  aiid  I'A''    Is  the  same  or  a  Ut- 
ile p:reater  than  the  difference  between  the  dlasoclation 
at  12**  amd  P,5°,(save  in  joine  cnses  in  the  DiamonlLun  ^^hloride) 
we  should  expect  to  find  the  difference  oet^foen  the  col- 
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uEins  headed  niff.l^"  and  niff.O",  in  Table  CXIX,  the  same  or 
slightly  greater  than  the  didtfierence  between  the  ooliimna  head- 
ed Diff.  IJ^*  and  Diff.  25".   The  opposite  is  true— the  dif- 
ference between  columns  #2  pnd  ^^   beini?  from  t'vo  to  four 
tiinea  as  rreat  as  that  between  /^l  a)id  //'•S,  up  to  v  =  100.   At 
V  =  100  the  differences  arc  the  same,  and  at  v  =  200  auid  v  = 
1000  the  column  headed  Dlif.iiS"  becomes  smaller  than  the 
other  t\^o. 

We  muit,  then,  look  elsewhere  for  the  op.use  of  the 
change  in  the  conductivities,  dlnce  it  is  evidently  not  due 
solely  to  change  in  disoociatlon.   There  are  three  other  frc- 
tors  which  might  come  into  -Dlr^y:  — Change  tn   hydration,  g-iv- 
i)ig  rise  to  a  cii^Jige  in  the  diraeiidions  of  the  ionic  sphere; 
change  in  the  viscosity  of  the  solution  vfith  chaiige  in  temp- 
erature; change  in  the  number  of  the  dissolved  particles  (io)i<S 
Euid  molecules).   Of  these  three  possibilitieSjthe  first  prob- 
ably ioes  not  affect  the  conductivity  appreciably,  there  be- 
ing little  h.vdration.   The  second  is  probably  the  principal 
fR.ctor  in  causing  chaiiges  in  the  conductivity  with  changes  in 
the  tem-perature.   The  third— change  in  the  number  of  the  dis- 
solved Dart  teles — may  nlao  Play  some  part,  since  the  value  of 
oi.    becomes  smaller  wLtli  rLsei.n  temperature,  and,  other  things 
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bciii^:  equal,  the  fewer  the  iv-ianber  of  ions  and  noleoulea  with 
'Thioh  a  moving:  ion  juust  oollLde,  the  less  the  friotioi 
it  will  encounter.   The  differences  In  the  values  of  columns  r^J 
ft*^   and  /^^   are  ^-rerJcQ-zt   for  the  most  concentrated  aoliitiona, 
and  it  ia  in  these  solutions  that  the  greatest  change  Ln  the 
value  (K  Is   noted,  with  rise  in  temperature. 

Clearly,  values  for  <K   which  are  bo,sed  wnon   the  con- 
ductivity of  the  completely  dissociated  molecule  at  hiph  di- 
lutioii,  cannot  be  correct,  since  the  conductivity  of  this 
completely  dissociated  molecule  must  be  considr^rahly  altered 
by  change  in  viscosity,  and  by  chaiige  in  number  of  dissolved 
ions  or  molecules,  both  of  whi(Jh  factors  enter,  on   increase 
in  the  concentration;  the  iiumber  of  ions  and  molecules  presen-t 
undergoing  es-oecialiy  great  alteration. 

SIH-DiAEY. 

It  has  been  shown: 

1.  That  the  complexity  of  the  hr-'drates  formed  by  a  salt  is 
diredtly  proportior.al  to  the  amount  of  water  present  as  sol- 
v^^nt. 

2.  That  when  two  salts  are  present  in  the  same  soliition  the 
complexity  of  the  hydrates  L.-^  somewhat  less  thEin  in  separate 
solutions  of  these  salts,  each  salt  tending;  to  dehydrate  the 
other. 

'6,    That  the  ions  and  tiie  molecules  of  salts  ■orobably  have  dif- 
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ferent  hylratiiig  povrer. 

4.  That  the  hydratliif:  power  of  the  molecules  io  probably 
greater  thaii  that  of  the  ions  into  v/hlch  these  molecules 
dissociate  in  solution. 

5.  Additional  proof  is  furnished  for  the  hypothesis  that 
the  conluctivity  method  is  by  no  ineB^ns  sji  accurate  measure 
of  dissociation. 

t).  It  has  been  pointed  o'..it  that  the  dirainution  in  conductiv- 
ity, '.Thich  takes  place  when  two  electrolytes  of  the  above 
type  a'-e  mixed,  is  probably  not  dne  entirely,  or  even  prin- 
cipally, to  suppression  of  the  ionization,  but  to, 
1.  Changes  in  the  viscosity  of  the  solvent; 

B.  To  changes  in  the  number  of  dissoj^ed  ions  and  mole- 
cules; 

C.  To  chs.nge  in  the  size  of  the  ionic  sphere  lue  to  Plt-'^r- 
a,tion  in  the  amount  of  water  jtiith  which  the  ion  nust 

drag  with  it  throuch  the  solution. 
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